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ABSTRACT 
The Midwestern United States has long been an important provider of agricultural 
commodities; however, crop and animal agriculture production has not come without an 
environmental price tag developed external to the marketplace. Riparian forest buffers 
(RFB) have been shown to be an effective management strategy to reduce the impact of 
nonpoint source (NPS) pollution from agriculture. The objectives of this study were to 
determine if conservation and market-based benefits could be jointly achieved from the 
existing and potential riparian forest buffers in the Mark Twain Lake watershed (MTLW). 
And, if the market-based benefits from fiber (biomass) can support a new medium density 
fiberboard (MDF) mill. To show how different buffer designs can produce different 
outcomes, six multi-species riparian buffers were created to meet two different mixes of 
conservation and biomass benefits. Through the use of Arc View, estimates of potential 
woody and herbaceous biomass were obtained. With 100% of all eligible land in riparian 
buffers, enough fiber would be available to supply a MDF plant capable of manufacturing 
130,000 thousand square feet (msf) of three-quarter inch material annually. With 10% of all 
eligible land in riparian buffers, approximately 10-20% of the annual fiber requirements for a 
MDF plant can be met while jointly producing conservational benefits in the riparian area. 
On average 67.5 % of all eligible land needs to be in production of woody and herbaceous 
fiber to meet the plants requirements. If fiber supply is limited to only woody materials, this 
percentage increases to 99.5%. In addition, it was found that high quality, light-colored 
MDF product could generate a net present value (NPV) of $976.94 per thousand square feet 
x 
whereas low quality, dark-colored MDF could produce a NPV of $160.18 per thousand 
square feet. 
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CHAPTER 1. GENERAL INTRODUCTION 
Agriculture has been an important part of the Midwestern United States land use and 
socio-economic fabric for the last cenriiry. However, crop and animal agriculture has come 
with an environmental price tag developed external to the market place. Sediment eroded 
away from cropland contributes 1.4 billion Mg annually to our waterways (Schultz et al., 
1995). According to Ongley (1996) agricultural runoff and leaching of phosphorus, nitrogen, 
sediment, and pesticides all contribute to non-point source (NPS) pollution. To ameliorate 
the sediment loss and NPS pollution connected with many agricultural practices the federal 
government created, in 1985, the Conservation Reserve Program (CRP). 
The CRP is a voluntary program that assists agricultural producers with means to 
safeguard environmentally sensitive land (USDA Farm Service Agency, 2003). However, 
the adoption of tree planting in conjunction with CRP has been low (Mixon, 1989). A 
nationwide survey of CRP participants by the Soil and Water Conservation Society found 
that only 12% of respondents were willing to establish trees in conjunction with the CRP 
(Nowak and Schnepf, 1994). A study by Lant (1989) surveyed farmers in Illinois and found 
little willingness to restore trees in riparian areas. It was also found that the presence of a 
tree requirement clause would have likely reduced farmer participation to less than 10% 
(Cant, 1989). A study by Olmstead and McCurdy (1989) cites three important reasons why 
landowners were not planting trees: the production period for trees is too long, lack of 
information on tree planting, and annual rental payments were too low. Schultz et al. (2000) 
cite many of these same reasons and also discuss landowner concern that planting trees 
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reduces their options with regard to future reclamation of these riparian areas for crop 
production. A key aspect of this concern is the cost of tree removal for reclamation. 
The goal of this paper is to determine the potential flow of conservation benefits and 
market-based products from existing and potential riparian forest buffers (RFB) in the Mark 
Twain Lake watershed (MTLW). Within the context of this goal, landowners are then able 
to have a source of income from biomass production while society accrues conservation 
benefits. Two different planning scenarios were developed and enlisted. The first scenario 
focuses primarily on the optimization of conservation benefits to achieve improved water 
quality and wildlife habitat while secondarily producing woody and herbaceous biomass to 
be used in the production of medium density fiberboard. The second scenario focuses 
primarily on the optimization of woody and herbaceous biomass production while 
secondarily producing conservation benefits (soil, water, and wildlife). 
Currently in the U.S. several programs dealing with long or short rotation forestry 
conservation practices exist to help ameliorate problems associated with production 
agriculture. The Minnesota Agro-Forestry Cooperative has set up one such program. The 
Minnesota Agro-Forestry Cooperative is a group of landowners located in Alexandria, 
Minnesota that work to lobby for state sponsored agroforestry funding. One way that they 
have sought to gain landowner acceptance of tree planting is to develop a Producer 
Capitalization Program (PCP). The PCP provides annual payments to landowners that serve 
as advanced payments on the future biomass crop that the trees produce (Schmidt et al., 
2000). In 2000, the Minnesota state government awarded the PCP a grant and loan both in 
the amount of $200,000 (Schmidt et al., 2000). This sort of program would be an option for 
the MTLW in order to provide landowners with a more secure financial future. 
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Another program that is working to promote biomass utilization is the CRP Biomass 
Pilot Project of the United States Department of Agriculture's (USDA) farm bill. The 
Biomass Pilot Project helps to promote sustainable biomass harvesting projects through the 
use of the CRP. Currently the project only provides funding for biomass harvesting when the 
biomass is utilized for energy production and is off limits to riparian forest buffers (USDA- 
FSA, 2000). However, this program could provide the basis for other biomass programs that 
could include biomass harvesting initiatives for projects other than energy production. These 
programs could also work towards including other CRP enrolled land. 
As biobased products continue to gain government attention and interest more and 
more bioeconomy initiatives are being touted for sustaining the future of agriculture in the 
Midwest. The BIOWA Development Association is a nonprofit organization located in 
Iowa. This organization assists biobased industries by locating resources such as technology 
and capital (BIOWA, 2003). BIOWA also helps build relationships between stakeholders at 
a local, state, and federal level. Much of this biobased growth can be attributed to the 
significant environmental benefits associated with biomass feedstocks (Hohenstein and 
Wright, 1994; Graham et al., 1995). Biomass crops and residues are often obtained from 
perennial crops that do not contribute greenhouse gases to the atmosphere during their 
lifecycle (Graham et al., 1995). As riparian forest buffers are established for environmental 
and conservation benefits, it is known that long-term flow of expected benefits will require 
management actions. These management actions include periodic removal of aboveground 
woody and herbaceous biomass (USDA-NRCS RFB Practice Sheet, 1997; Schultz et al., 
2000). Currently little is known about the market potential for the woody and herbaceous 
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biomass that can be obtained frol~n the perennial components of riparian buffers when 
considering a specific watershed. 
Hypothesis 
The aim of the Mark Twain Lake watershed research project is to estimate the 
potential flow and economics associated with the environmental/conservation benefits and 
market-based products from riparian forest buffers. The central hypothesis is that riparian 
forest buffers can provide effective conservation benefits (non-point source pollution 
reduction, enhancement of water quality) and market-based production (woody and 
herbaceous biomass) benefits. 
The Current Situation 
The MTLW, as shown in Figure l.l, encompasses 5957 square kilometers (MoDNR, 
2001) in northeast Missouri. Mark Twain Lake (22,25 8 ha project) is managed by the United 
States Army Corps of Engineers and is approximately 200 kilometers northwest of St. Louis, 
Missouri. Within the watershed there are seven major rivers and creeks: Elk Fork Salt River, 
Middle Fork Salt River, North Fork Salt River, South Fork Salt River, Crooked Creek, Otter 
Creek, and Long Branch Creek. 
Since 1998, research by the Agroecology Issue Team (AIT) at Iowa State 
University's Leopold Center for Sustainable Agriculture has focused on a biological 
assessment of Crooked, Otter, and Long Branch creeks. These three sub-watersheds 
encompass 818 square km and represent 13.76% of the entire MTLW. The AIT began their 
work with the University of Missouri Center for Agroforestry (UMCA), Columbia, to 
develop flexible riparian management systems (RMS) that are locally acceptable to 
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Figure 1.1 Map showing the location of the Mark Twain Lake watershed in light green 
(595,700 hectares) and Mark Twain Lake in black (7500 hectares) in northeast Missouri. 
farmers and landowners. RMS are designed to increase the sustainability of agriculture in 
the Midwest while addressing non point source pollution. Previous research projects have 
focused on financial agents viewpoints of riparian forest buffers (Brewer, 2002), soil 
denitrification and microbial biomass (Nelson, 2Q03), and soil aggregation dynamics (Haake, 
2003). 
Prior to European settlement, the watershed was predominately tall grass prairie 
(Changnon et al., 2003) and is thus considered part of the 1Vlissouri Prairie Unit. Now much 
of the watershed is cultivated for cropping practices (corn or soybeans} or utilized far grazing 
purposes. This conversion to agriculture has resulted in increased sediment loads and 
agricultural runoff reaching streams and revers (Peterjohn and Sorrell, 1984; Schultz et al., 
1995}. Sail sediment lass has declined in many areas, due in part to the CIZP, however, the 
rate of soil loss is still above tolerable levels in many Midwestern areas including the MTLV~ 
(LTSI~A-NR~S, 1997}. 
Sediment accumulation in rivers and streams has a two part cost. The first cost is the 
direct cost of meeting basic water quality standards through water treatment facilities and the 
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second cost is the lost economic opportunity (Ongley, 1996}. This lost economic opportunity 
maybe in the way of reduced fishing due to pollution in streams and hypoxia in the Gulf of 
Mexico. Therefore, it is very difficult if not impossible to accurately represent the total 
accrued loss due to sediment deposition. 
Not all of northeast Missouri is currently in use for agricultural purposes. 
Approximately 13 % of the area is currently is forest vegetation (Ostrom, 1991 }. The overall 
volume growth rate for the Missouri Prairie Unit is 2.45% (Ostrom, 1991); oak species 
(Quercus spp.) account for 50% of the total growing stock volume. Many of the forests are 
located on steep slopes and bottomland areas (Missouri Cooperative Soil Survey, 2003). 
Through the use of GIS mapping, it was evident that a buffer of forest and brush had often 
been left surrounding riparian areas in Crooked, Otter, and Long Branch Creeks. On average 
a 180-foot buffer adjacent to these creeks contains 47% forest (and brush). The trees 
included in this area are primarily bottomland species and include: silver maple (Ater 
saccharinum Gabriel}, cottonwood (Populus spp.), sycamore (Platanus occidentalis Wells 
and Schmidtling), and green ash (Fr~axinus pennsylvanica Kennedy). Given this information, 
there is quite a substantial native component of forest growth already in place. 
Thesis Organization 
This thesis is organized as follows. Chapter 1 is a series of foundation sections. It 
introduces the study goals and hypothesis along with a description of the MTLW. This is 
followed by a look at the characteristics and conservation functions of riparian forest buffers. 
Next, producing and marketing MDF is discussed. This is followed by a detailed methods 
section. 
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Chapter 2 is an article to be submitted to the journal entitled Agroforestry Systems. 
This article discusses the current composition of natural forest buffers in the MTLW and the 
possible future conservation and economic gains from installing riparian forest buffers. 
Chapter 3 is an article to be submitted to the journal entitled Wood and Fiber Science. 
This article assesses and analyzes the current and potential fiber supply from the MTLW. It 
then uses the fiber flow data along with cost estimates to develop a cash flow analysis for a 
possible construction of a medium density fiberboard plant located in the MTLW. 
Chapter 4 contains additional research data not present in Chapters 2 and 3 due to 
space limitations. Chapter 5 summarizes the final conclusions of the project and proposes 
how this project can best be utilized. 
Literature Review 
Riparian Forest Buffers. The USDA Forest Service (Welsch, 1991) defines 
a riparian forest buffer as : "An area of trees and other vegetation located in areas 
adjoining and upgradient from surface water bodies and designed to intercept surface 
runoff, wastewater, subsurface flow and deeper groundwater flows from upland 
sources for the purpose of removing or buffering the effects of associated nutrients, 
sediment, organic matter, pesticides or other pollutants prior to entry into surface 
waters and groundwater recharge areas." Yet another definition by Schultz et al., 
(2000, p 190) describes a riparian area as having the following characteristics, "(1) is 
adjacent to a body of water, (ii) has no clearly defined boundaries, (iii) is a transition 
between aquatic and upland environments, and (iv) is (curvi) linear in nature." 
Finally, the Executive Council for the Chesapeake Bay Program (Palone and Todd, 
1997 p 1-4) has defined a riparian forest buffer as: "an area of trees, usually 
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accompanied by shrubs and other vegetation, that is adjacent to a body of water and 
which is managed to maintain the integrity of stream channels and shorelines, to 
reduce the impact of upland sources of pollution by trapping, filtering and converting 
sediments, nutrients, and other chemicals, and to supply food, cover, and thermal 
protection to fish and other wildlife." 
Within the context of these definitions, one can understand that a riparian 
forest buffer is expected to play an important role in the reduction of pollution, 
protection of surface and groundwater quality, and wildlife habitat. However, the 
benefits of riparian forest buffers do not stop with desired improvements of 
environmental quality, but extend into both the economic and social sectors through 
production of biomass (fiber). 
The most effective riparian forest buffer design suggested for the Midwest 
consists of three different zones of vegetation that are parallel to a stream (Schultz et 
al., 1997). General requirements for amulti-species riparian buffer are as follows: 
zone one is closest to the stream and consists of at least a 30-foot wide strip of trees, 
zone two is a minimum 12-foot wide strip of shrubs, and zone three is a minimum 20-
foot strip of native warm season grasses (Schultz et al., 1997). Trees in zone one 
should be fast growing species suited for bottomland conditions such as silver maple, 
cottonwood, sycamore, and green ash. Bottomland species quickly develop a 
relatively deep root zone that helps to stabilize stream banks and prevent further 
erosion (Palone and Todd, 1997; Schultz et al., 2000). Zone two shrubs can be 
designed to suit the particular landowner goals. If wildlife habitat is a concern fruit 
bearing shrubs maybe desired along with shrubs for wildlife nesting. In a study of 
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grassland birds of the Midwestern United States, it was shown that converting 
previously row cropped fields to switchgrass increased the abundance of bird species 
(Murray et al., 2003). Often the native, warm-season grass in zone three is 
switchgrass (Panicum vi~gatum L.). switchgrass is a perennial grass species that was 
a part of the tall-grass prairie and has been increasingly poplar due to its productivity 
in the hot summer months (Lewandowski et al., 2002). 
Riparian forest buffers can enhance their surrounding environment through the 
production of market and non-market benefits. Buffers can be a source of high quality wood 
and fiber (Kurniadi, 1998) when harvested carefully and in a sustainable manner (Schultz et 
al., 2000). In any forest setting there is always the option of planting specialty products such 
as mushrooms in and amongst the primary tree species. One of the main advantages of 
specialty products is their ability for landowners to gain supplemental income from their 
sales while continuing to improve the environment (Thomas and Schumann, 1993; Josiah, 
2001). Specialty forest products can be broken down into four categories: 
• Medicinal and Botanicals 
• Woody-Based Food Products 
• Woody Decorative Florals 
• Handicrafts and Specialty Woods 
According to the Productive Conservation Booklet (Josiah, 2001 p. 1), "Medicinals and 
botanicals are plant-derived substances that are used in a variety of food supplements, herbal 
health items, cosmetics or other products." Some common medicinals and botanicals are 
ginseng and goldenseal roots, Echinacea, and St. John's Wort flowers. 
Woody-based food products include fruits, nuts, and mushrooms. There is a new and 
growing interest in the production of hybrid hazelnuts (Hybrid Hazelnuts, 2001). Woody 
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decorative florals include any woody plant species that has a beautiful or unique flower or 
stem. Trees that have decorative floral possibilities include various dogwoods, pussy and 
curly willows, and flowering branches of apples (Josiah, 2001). Finally local artisans can 
often utilize specialty woods in their crafting process. These woods can include willow 
branches for baskets and furniture, catalpa and basswood for use in carved products, and the 
burlwood of many species to create various inlays for furniture and art pieces (Thomas and 
Schumann, 1993; Josiah, 2001). Prior to investing money and time into any venture, it is 
imperative that a market and project feasibility evaluation be conducted (Thomas and 
Schumann, 1993). These evaluations will help landowners determine if there is a potential 
market for specialty products in their area and if growth and harvest of the specialty product 
is economically feasible. 
Buffers can also play an important role in species diversity. Riparian areas of native 
vegetation have the capability to possess a diverse array of species and environmental 
functions (Naiman et al., 1993). Many different species of wildlife and vegetation can 
inhabit riparian areas. According to Palone and Todd (1997), riparian areas are used by 
wildlife more than any other type of habitat. This is due to five major benefits that riparian 
buffers provide. 
• Water for wildlife habitat 
• Diversity of plants due to combination of deeper soils and availability of water 
• Great amount of edge due to curvilinear shape of buffer 
• Nesting and feeding opportunities due to many layers of vegetation 
• Travel corridors to link other habitats 
Protecting water quality is an important task that faces all landowners in the Midwest 
agroecosystem. This is especially relevant in areas such as northeast Missouri where nearly 
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the entire native tall grass prairie has now been converted to agricultural production. This 
conversion to row cropping and grazing practices has greatly altered the movement of water 
in the hydrologic cycle. Water is now able to reach open water bodies at a much faster rate 
due to surface runoff and agricultural the systems. As this water moves faster to open water, 
sediment, nutrients, and chemicals also enter the hydrologic cycle at faster rates (Schultz et 
al., 2000). Riparian buffers work to intercept and infiltrate surface and ground water. 
Buffers work as living filters that trap and convert much of the sediment, nutrients, and 
chemicals before they reach our water system. 
A multi-species riparian forest buffer can help improve water quality (Lowrance et 
al., 1985; Isenhart et al., 1997; Schultz et al., 2000). One way in which buffers improve 
water quality is by reducing the amount of sediment that reaches open water through surface 
runoff. Buffers have many functions including, "trapping, filtering, and converting sediment 
and agricultural chemicals before they reach the stream, providing streambank and channel 
stability and habitat for both terrestrial and aquatic organisms. By slowing floodwaters they 
also can play a role in reducing downstream floods during storm events. Their ability to 
sequester large amounts of C (carbon) can play a role in global climate change" (Schultz et 
al., 2000 p 191). Palone and Todd (1997) found that a 30-meter (98') wide mature forest 
buffer could remove from 40% to 64% of incoming sediment (low level range) to 85% to 
95% of incoming sediment (high level range). A North Carolina study found that a 14-foot 
grass buffer decreased sediment by 68% to 71 % while a 28-foot grass buffer decreased 
sediment deposition by 86% to 90% (Osmond et al., 2002). It has also been found that tall 
warm-season prairie grasses such as switchgrass have a longer sediment trapping life span 
than buffers containing shorter cool-season grasses (Dabney et al., 1994). 
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Riparian buffers can also improve water quality by transforming, trapping, and 
storing chemicals that are part of NPS pollution. A study conducted by Tufekcioglu et al. 
(1999 p 1) found that root density was significantly greater under switchgrass fields versus 
corn or soybean fields and that "abundant fine roots, deep rooting profiles, and high soil 
respiration rates in multispecies riparian buffer zones suggest that these buffer systems added 
more organic matter to the soil profile, and therefore provided better conditions for nutrient 
sequestration." In a study done by Lee et al. (1999) nutrient and sediment removal by 
switchgrass and cool-season grass filter strips were compared. It was shown that switchgrass 
filter strips of three and six meters removed significantly more total-N, NO3-N, total P and 
PO4-P than cool-season filter strips. Palone and Todd (1997) found that high levels of 
nitrogen could be decreased by 68% to 92% and 70% to 81 % with a 30-meter wide mature 
forest buffer. Lowrance et al. (1995) found that a species combination of both grasses and 
trees produced the highest reduction levels in sediment, nitrogen, and phosphorus. 
Recent surveys of farmers and financial agents in Iowa and Missouri have found that 
many people believe riparian forest buffers are capable of reducing NPS (Colletti et al., 1993; 
Brewer, 2002). However, many landowners remain uncertain about riparian forest buffer 
implementation due to a perceived lack of personal financial gain. In a recent study of 
financial agents in the MTLW, Brewer (2002) found that 90% of respondents viewed riparian 
forest buffers as an overall asset when considering government assistance, market (financial), 
and non-market benefits (conservation). When only market benefits were considered this 
percentage dropped to 46%. Colletti et aI. (1993) found residents in the Bear Creek 
watershed (located in central Iowa) were willing to pay (WTP) X4.08 per month to increase 
water quality to acceptable standards. Ball (1996) also found evidence of a sufficient 
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perceived benefit (based upon residents WTP} gained from potential riparian forest buffers in 
the Bear Creek watershed. In 1997, interviews and surveys with farmers in the Bear Creek 
watershed found that farmers prefer the adoption of grass filter strips for water quality 
solutions (J.P. Colletti, Personal communication, 2003). However, riparian buffer strips were 
also cited as a good way to improve water quality. These farmers also believe that residents 
downstream are more likely to benefit from improved water quality conditions in Bear Creek 
than themselves (J.P. Colletti, Personal communication, 2003). 
Currently there are many cost share programs available to farmers and landowners 
that wish to participate in conservation land management. Most programs are government 
sponsored; however, there are also programs that are funded bynon-governmental 
organizations. Perhaps the most widely recognized governmental program is the 
Conservation Reserve Program (CRP). The CRP is a voluntary program that helps 
agricultural producers to safeguard their environmentally sensitive land (USDA-FSA CRP 
Fact Sheet, 2003). The CRP aims to protect wildlife and their habitat, improve water quality, 
and reduce soil erosion through long-term plantings of woody and herbaceous species. Some 
eligible land practices are: riparian forest buffers, filter strips, shelter belts, and contour grass 
strips. Contract duration is between 10 and 15 years; during the length of the contract 
participants are awarded payments for land rental, maintenance incentives, and cost-share 
assistance. To be considered eligible, land must have been previously cropped for four out of 
the previous six crop years and be enrolled during designated sign-up periods (USDA-FSA 
CRP Fact Sheet, 2003). Environmentally sensitive lands that are devoted to certain 
conservation practices such as riparian forest buffers, are also eligible to enroll in the 
Continuous CRP. Continuous CRP contracts are automatically approved given that the land 
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and producer meet eligibility requirements and are set to begin the first day of the following 
month (USDA-FSA Continuous CRP, 2003). Program participants receive the same 
monetary benefits as the basic CRP; in addition the Continuous CRP awards up front signing 
incentive payment (SIP). The SIP provides a one time additional payment of $100-150 per 
acre of land enrolled and a one time payment equal to 40% of the eligible installation costs 
(USDA-FSA Continuous CRP, 2003). Other cost share programs include the Conservation 
Reserve Enhancement Program (CREP) and the Environmental Quality Incentive Program 
(EQIP). 
Medium Density Fiberboard (MDF). The next step of this research project 
involves the feasibility of manufacturing medium density fiberboard from woody and 
herbaceous biomass obtained from the MTLW. Regarding the MTLW, the main bottomland 
tree species (silver maple, cottonwood, sycamore, and green ash) are suited to be used in 
MDF manufacturing. The combination of these low to medium density species can produce 
a light-colored fiberboard product with the appropriate refining process. According to MDF 
industry expert, David Pierce (Personal communication, 2003), the lighter the color the 
MDF, the higher dollar value it receives in today's market. This value is substantially higher. 
In 2002, the market price for delivered low quality, dark-colored MDF ranged from $330-
340 per msf whereas high quality, light-colored MDF ranged $430-440 per msf (D. Pierce, 
Personal communication, 2003). Therefore, there is a distinct price advantage for having a 
high quality, light-colored product. Light-colored MDF is more valuable because it can 
utilize a thinner surface veneer. Dark-colored MDF requires a thicker veneer and therefore 
incurs additional cost to minimize core show though (D.D. Stokke, Personal communication, 
2003). 
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The first MDF plant was started in 1966 in Deposit, New York (Maloney, 1996; 
Spelter, 1996). From there MDF has grown into a worldwide industry. MDF is a "dry-
formed panel product manufactured from lignocellulosic fibers combined with a synthetic 
resin or other suitable binder" (Maloney, 1996). MDF is a composite product made up of 
woody and/or herbaceous fibers and synthetic resin binders. These components are bonded 
together under heat and pressure to forma "homogeneous board with consistent properties in 
each direction" (Composite Panel Association, 1999). MDF is typically composed of 90% 
virgin wood fiber, 10% resin, and 0.5 to 0.75% additive waxes (D. Pierce, Personal 
communication, 2003). Research at Iowa State University by the Biocomposite Research 
Group continues to add scientific and technical knowledge to the biocomposite panel 
industry. Specifically, this research group has studied composite panel products composed of 
woody biomass, herbaceous biomass composed of switchgrass, and a combination of woody 
and herbaceous biomass with various non-fossil based "adhesives" (Kuo et al., 1998). Kuo 
et al. (1998) has shown that MDF can be made from differing amounts of cornstalk, 
switchgrass, and woody fibers bonded with synthetic resins and soy protein. The use of soy 
protein is aimed at developing wood adhesives that are produced from renewable substances. 
MDF has a smooth and uniform texture that allows for superior machining and 
finishing. Thus MDF has grown into more and more of the ideal core material for veneered 
or overlaid furniture (~Vu and Vlosky, 2000). MDF is widely used in the production and 
manufacture of many products such as: furniture, cabinets, millwork, molding, door parts, 
floor underlayment, and laminate flooring (Spelter, 1996; Wu and Vlosky, 2000). In fact a 
growing trend is occurring where moulding plants are sited next door to MDF plants to 
virtually eliminate shipping costs (D. Pierce, Personal communication, 2003). A survey of 
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U.S. furniture and cabinet manufacturers by Wu and Vlosky (2000) found that industry 
respondents were most often drawn to utilize MDF based on it economical costs. However, 
it was also found that the main reason for not utilizing MDF was based on consumer 
objections. Given that MDF is part of a consumer driven market (Donlin, 2001) additional 
research into the attitudes of the consumer sector could be highly valuable to the MDF and 
associated composite industry players. 
MDF experienced high growth throughout much of the nineties and into the new 
millennium (Spelter, 1996). However, a downward trend since the latter part of 2001 has 
slowed the growth of MDF in the United States. In 2002 North America and Europe's MDF 
capacity grew by 2.4% or at a "normal" rate, while the rest of the world grew at a rate of 19% 
(Wadsworth, 2002). Given that MDF growth has slowed in the U.S. in relation to the 
previous decade, a creative marketing plan is needed to launch a new plant into the industry 
marketplace. Howe and Bratkovich (1995) have laid out five steps to guide the development 
of a marketing plan and strategy: 
1. Analyze marketing opportunities 
2. Evaluate existing markets 
3. Design marketing strategies 
4. Plan marketing programs 
5. Organize, implement, and control marketing effort 
These steps can help steer a company considering a new MDF plant to the best 
decision. The marketing approach or marketing mix focuses on product attributes, pricing 
strategies, promotional strategies and distribution locales (Howe and Bratkovich, 1995). It is 
also important to develop a sense of product positioning and product identity (Howe and 
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Bratkovich, 1995). In order to capture the full potential of the consumer market, industries 
must first correctly position and identify their goods and services. MDF from the Mark 
Twain Lake area would need to be correctly positioned to take full advantage of its consumer 
market. This may involve a creative marketing strategy that focuses on the renewable 
resources and local Landowners behind the final product and detail the ability of buffers to 
jointly produce societal desired conservation benefits and private benefits of fiber. It also 
important to make sure the MDF plant is of a correct size to effectively compete in the 
greater composite market. Currently to become an effective player in the MDF market, 
plants need to be able to produce 130,000 rnsf of MDF annually (D. Pierce, Personal 
communication, 2003). 
Methods 
Riparian forest buffers can provide many environmental, social, and economic values. 
This project seeks to assess the current and determine the future environmental, conservation 
and market potential associated with riparian forest buffers of the MTLW. The prospective 
flow of both conservation benefits and market-based products from riparian forest buffers are 
coupled to generate a template for optimizing conservation and fiber market benefits from 
riparian forest buffers. 
Bioeconorny initiatives are becoming more popular in the Midwest as a way of 
enhancing rural economic development (Downing et a1., 1995; Downing et al., 1996; 
Downing et al., 1998; Turhollow, 2000; Wright et al., 2000). Based on this growing trend, a 
physical estimation of current and potential future woody and herbaceous biomass from 
buffer sources was calculated to estimate the feasibility of a medium density fiberboard plant 
in the watershed area. 
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The first step in analyzing the land use and Land cover types of the MTLW was to 
assemble specific data about three sub-watersheds contained within the MTLW boundaries. 
The three watersheds were Crooked Creek and Otter Creek located in Shelby and Monroe 
counties and Long Branch Creek located in Monroe and Audrain counties. These creeks are 
currently being studied by the AIT at Iowa State University. These watersheds were chosen 
due to financial and time constraints that do not permit full scale mapping of the entire 
MTLW and were assumed to be representative of the larger watershed. To conduct an 
appropriate investigation, the Center for Agricultural, Resource, and Environmental Systems 
(CARES) at the University of Missouri —Columbia was commissioned to provide a working 
data set including such geographical aspects as: watershed boundaries, land cover types, 
hydrologic mapping, and soil mapping units in a Geographical Information System (GIS) 
format. Six land cover types were identified as: built-up homesteads, cropland, 
grass/pasture, grass waterway, forest/brush, and water. 
Initially Arc View 3.0 (ESRI, 2003) was utilized to delineate the three sub-watersheds 
according to six land cover types. Next, Arc View was utilized to delineate riparian buffer 
zones along all waterways in the three sub-watersheds. Based upon research, the buffers 
were set at three widths : 18.28 m (60 ft), 3 6.5 8 m (120 ft), and 54.86 m (180 ft) and extend 
out parallel on both sides of the water source. The sub-watershed buffer widths were 
analyzed to determine the percentage of the six land cover types in each sub-watershed and 
the spatial location of the land cover types. 
The next step was to create six scenarios where all riparian corridors in the three sub-
watersheds were bordered with 54.86 m (180 ft) wide multi-species buffers. A width of 
54.86 m was chosen as it represents the maximum allowable width for cost share assistance 
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riparian forest buffers under the Conservation Reserve Enhancement Program (CREP) 
(USDA-NRCS, 2000). These six buffers were different combinations of the existing forest 
vegetation, established cottonwood trees, switchgrass (Panicum virgatum), and assorted 
shrubs such as silky dogwood (Corpus amomum Mill.), gray dogwood (Corpus racemosa 
Lam.), and elderberry (Sambucus canadensis L.) (Schultz et al., 2000). The six buffer 
scenarios where designed to optimize various combinations of conservation and market- 
based benefits. As shown in Figure 1.2, the six scenarios can be divided into two different 
categories: conservation buffers and biomass buffers. Within these two categories are three 
separate buffer designs that were created to optimize distinctive goals. In order to ensure an 
area reserved exclusively for conservation benefits, an 18.28 m (60 ft) reserve (no cut) strip 
was placed in each of the three conservation buffers. The reserve strip is a parallel zone 
18.28 m out from the water source that is set aside from harvesting. In order to ensure a flow 
of conservation benefits from the biomass buffer scenarios, no herbaceous material 
(switchgrass) will be harvested. The switchgrass ranges in width from 3 m to 18 m for the 
biomass buffers. In certain circumstances, dependent upon the slope of the land and the 
adjacent management actions, it maybe possible to harvest the herbaceous material within 
the biomass scenarios. However, the harvesting of the herbaceous material may produce an 
unacceptable tradeoff due to its relatively low yield and high conservation capacity. Also 
included in each buffer scenario is a focus that sets apart each biomass buffer from all other 
biomass buffers and each conservation buffer from all other conservation buffer. For 
example, the inclusion of shrubs in Conservation Buffer #2 and Biomass Buffer #21ead to 
their focus wildlife. 
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Figure 1.2 Six riparian forest buffer scenarios in the MTLW categorized by primary focus of 
output. 
The buffers were analyzed based upon two participation rates. Initially, it is assumed 
that all land eligible for riparian forest buffers (including native forest component and 
established buffer) would enter into buffer. This will be referred to as a 100% land 
participation rate. Next, it is assumed that only 10% of the total land eligible for riparian 
forest buffer will convert to buffers (Cant, 1991; Nowak and Schnepf, 1994). This will be 
referred to as 10% land participation. 
The following list is a brief description of each buffer based upon the woody and 
herbaceous components and widths. 
• Biomass Buffer # 1 
Buffer to optimize woody biomass with conservation benefits. This buffer contains: 
26 m of existing forest, 26 m of cottonwood, and 3 m of switchgrass. 
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• Biomass Buffer #2 
Buffer to optimize woody biomass with conservation and wildlife benefits. This 
buffer contains: 26 m of existing forest, 20 m of cottonwood, 3 m of switchgrass, and 6 m of 
shrubs. 
• Biomass Buffer #3 
Buffer to optimize woody and herbaceous biomass with conservation benefits. This 
buffer contains: 26 m of existing forest, 11 m of cottonwood, and 18 m of switchgrass. 
• Conservation Buffer #1 
Buffer to optimize conservation benefits with woody biomass. This buffer contains: 
26 m of existing forest, 20 m of cottonwood, and 9 m of switchgrass. 
• Conservation Buffer #2 
Buffer to optimize conservation and wildlife benefits with woody biomass. This 
buffer contains: 26 m of existing forest, 11 m of cottonwood, 9 m of switchgrass, and 9 m of 
shrubs. 
• Conservation Buffer #3 
Buffer to optimize conservation benefits with woody and herbaceous biomass. This 
buffer contains: 26 m of existing forest, 11 of cottonwood, and 18 m of switchgrass. 
It was assumed that all land currently utilized for grass, pasture, or cropping purposes 
would convert to these buffers and all existing land in built-up homesteads and grass 
waterways would not be altered. Given these assumptions there would be a total of 699 
square kilometers in riparian forest buffers. 
Next, estimates of growth potential were developed for the current forest land and 
herbaceous and woody buffer components. According to the Missouri Department of 
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Conservation, silver maple, cottonwood, sycamore, and green ash all have rapid growth rates 
while white oak (Quercus alba Rogers), overcup oak (Quercus lyrata Solomon), burr oak, 
and (Quercus macrocarpa Johnson) all have slow growth rates (Kabrick and Day, 2001). 
Given that these oak species tend to have a much slower growth rate than that of the 
previously listed bottomland species, the overall mean growth rate for bottomland species is 
lower than expected. Therefore, is reasonable to estimate a more rapid growth rate of 3.0% 
for the species of silver maple, cottonwood, sycamore, and green ash. So a mean growth rate 
of 3.00% was utilized in the analysis of the natural forest component. Next the estimated 
total volume of growth for all species in the Missouri Prairie Unit (Ostrom, 1991) was 
multiplied by 3.00%. Following this, the relative proportion of the four chosen bottomland 
species (silver maple, cottonwood, green ash, and sycamore) was calculated. This proportion 
was then multiplied by the area of timberland in the classes of elm-ash-soft maple and 
cottonwood. Finally the volume per hectare was converted to dry mt ha"1 yr 1 . Consequently 
the growth of the natural forest component was estimated to be 0.47 dry mt ha-1 yr 1. 
The estimated growth rate for cottonwood was based upon research information 
(Riemenschneider et al., 2001; R.B. Hall, Personal communication, 2003). Average study 
yields for poplar clones in Ames, IA and Madison, WI are currently running at 13.5 to 17.8 
dry mt ha 1 yr"I (Reimenschneider et al., 2001). According to Hall (2003) yields are 
expected to reach their highest mean annual increment (MAI) at an age of eight years and 
produce 16 to 18 dry mt ha-' yr 1 (7.1 to 8 tons ac" 1 yr" i ). Given that these yields occur from 
research plantations with intensive weed control, the yield estimates for the MTLW need to 
be adjusted downward to reflect less intensive weed control and lower yields. It was 
assumed that there would be a 20% reduction in growth due to weed competition and a 10% 
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decrease was made to account for poorer soil conditions in Missouri sites versus Iowa sites. 
Also, given that yields include all above ground woody biomass (stem and branches), a 10% 
reduction in yield was taken to account for branches (DeBell and Harrington, 1997; DeBe11 et 
al., 1997). Therefore, yield for cottonwoods specifically selected for the area in northeast 
Missouri would be estimated to reach a growth potential of 10.3 6 dry mt ha" ~ yr l in eight 
growing seasons. 
Switchgrass is a component included in the planted riparian buffer. switchgrass is a 
perennial grass species that once dominated the tall-grass prairie and has been increasingly 
popular for buffer plantings in the Midwest due to its productivity in the hot summer months 
(Lewandowski et al., 2002). In a study conducted by Burras et al. (2001) switchgrass annual 
yields were found to be 6 dry mt ha"1 yr 1 (2.67 dry t ac"1 yr"1). These yields were achieved 
by southern Iowa farmers growing switchgrass for biomass and therefore, assumed to be 
representative of possible biomass growth rates in northeast Missouri. 
Next, Microsoft ExcelTM was utilized to construct spreadsheets that detail the current 
land use conditions in the MTLW as well as the possible future conditions. Also analyzed 
were the locations and percentages of the various land cover types in relation to the 
proximity of the waterways. ExcelTM was also used to estimate how individual landowners, 
with property adjacent to waterways, would be affected. This was done through the use of 
plat maps for Audrain, Monroe, and Shelby counties (Audrain County Missouri Plat Book, 
1997; Shelby County Missouri Plat Book, 1997; Monroe County Missouri Plat Book, 1998). 
The next step was to estimate the financial viability of a MDF plant in the MTLW. 
Initial research into forest investment analysis helped to establish the needed inputs for the 
construction of a forest manufacturing facility (Harpole, 1978). In order to better understand 
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the industry and its inner workings, contact was made with a MDF expert, David Pierce 
(Personal Communication, 2003). From personal conversations and email, a basic MDF 
plant cash flow model was constructed on a msf basis. The annual fiber requirement for a 
MDF plant capable of manufacturing 130,000 (msf) yr l on a 3/ 4"  basis is 197,766 dry metric 
tons. Comparisons to the buffer scenarios were made on a percentage basis of the resource 
capabilities. The resource capabilities of the buffers are dependent upon the woody and 
herbaceous composition as well as the allowable harvest amount in each buffer. In order to 
account for recent price spikes in such products as natural gas and industrial chemicals, the 
United States Department of Labor's Producer Price Index (2003) was reviewed to 
appropriately adjust inflation amounts. Finally, the United States Forest Service (USFS) 
economic analysis program, Quick-Silver (2000), a USFS forest investment analysis 
(Harpole, 1978), and Microsoft ExcelTM were utilized to evaluate the MDF plant's economic 
feasibility via a discounted cash flow analysis. Due to the complex nature of the methods 
section, Figure 1.3 diagrams the analysis process.' 
' Disclaimer 
This work was funded through the University of Missouri Center for Agroforestry under cooperative 
agreements 5 8-6227-1-004 with the ARS and C R 826704-0 l -2 with the US EPA. The results presented are the 
sole responsibility of the P.I. and/or MU and may not represent the policies or positions of the ARS or EPA. 
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Assess MTLW land use (CIS) and RFB potential for joint production of 
conservation and biomass benefits 
I 
Analyze 3Sub-watersheds: Current land uses at three buffer widths 
native riparian forest, cropland and other uses 
I 
Analyze output scenarios joint production 
of conservation and market-based benefits 
t 
Primary Conservation 
Secondary Biomass Fiber 
Determine Yield 
Primary Biomass Fiber 
Secondary Conservation 
Determine Yield 
1 [ r ~ 
Compare biomass fiber yield against 
MDF plant requirement 
I 
Evaluate economic feasibility of 
MDF via cash flow model 
Figure 1.3 Flow chart detailing the entire methods process for the MTLW research study of 
joint market and non-market benefit acquisition from riparian forest buffers. 
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CHAPTER 2. TOWARDS OPTIMIZATION OF CONSERVATION BENEFITS 
AND MARKET-BASED PRODUCTS FROM RIPARIAN FOREST BUFFERS 
A paper to be submitted to Agroforestry Systems 
Susanne M. Knutsen and Joe P. Colletti 
Abstract 
The Midwestern United States has long been an important provider of agricultural 
commodities; however, crop and animal agriculture production has not come without an 
environmental price tag developed external to the marketplace. Riparian forest buffers 
(RFB) have been shown to be an effective rnanagement strategy to reduce the impact of 
nonpoint source (NPS) pollution from agriculture. The objectives of this study were to 
determine if conservation and market-based benefits could be jointly achieved from the 
existing and potential riparian forest buffers in the Mark Twain Lake watershed (MTLW) 
and determine if the market-based benefits from fiber (biomass) can support a new medium 
density fiberboard (MDF) mill. To show how different buffer designs can produce different 
outcomes, six multi-species riparian buffers were conceptually created to meet two different 
combinations of conservation and biomass benefits. Through the use of Arc View 3.0, 
estimates of potential woody and herbaceous biomass were obtained. With 100% of all 
eligible land in riparian buffers, enough fiber is able to be harvested to supply a MDF plant 
capable of manufacturing 130,000 thousand square feet (msf) yr 1 on a 3/ 4"  basis. With 10% 
of all eligible land in riparian buffers, approximately 10-20% of the annual fiber 
requirements for the MDF plant can be met while jointly producing conservational benefits 
in the riparian area. On average 67.5% of all eligible land needs to be in production of 
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woody and herbaceous fiber to meet the plants requirements. If fiber supply is limited to 
only woody materials this percentage increases to 99.5%. 
Introduction 
The Midwest is often referred to as the breadbasket of America. This is because 
Midwestern states have rich soils, a favorable climate, and produce great amounts of grains 
and livestock every year. Missouri is among these states and ranks second in the nation for 
production of beef, third in hay production, and sixth for corn (AEBB, 2003). I-iowever, 
success in the agricultural sector has come with an environmental price tag that often goes 
unaccounted for in the market. Soil sediment eroded away from cropland contributes 1.4 
billion Mg annually to our waterways (Schultz et al., 1995). According to Ongley (1996) 
agricultural runoff and leaching of phosphorus, nitrogen, sediment, and other pesticides all 
contribute to NPS pollution. To help reduce the sediment loss and NPS pollution connected 
with many agricultural practices; in 1985 the federal government created the Conservation 
Reserve Program (CRP). 
The CRP is a voluntary program that assists agricultural producers with means to 
protect environmentally vulnerable land (USDA-FSA CRP Fact Sheet, 2003). The CRP 
promotes the adoption of conservation land management practices such as riparian forest 
buffer, grass waterways, and filter strips. Under the CRP landowners have an opportunity to 
enroll land only during designated sign-up periods. The CRP has further evolved and 
branched out to include the Continuous CRP. Continuous CRP contracts are automatically 
approved given that the Land and producer meet eligibility requirements and are set to begin 
the first day of the following month (USDA-FSA Continuous CRP, 2003). Riparian forest 
buffers are one of the approved land management practices for the Continuous CRP. 
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Participants receive the same monetary benefits as the basic CRP; in addition the Continuous 
CRP offers an up front signing incentive payment (SIP). The SIP provides an additional one 
time payment of $100-150 per acre of land enrolled and a one time payment equal to 40% of 
the eligible installation costs (USDA-FSA Continuous CRP, 2003). 
Even with the assistance of cost share and land rental payments, the adoption of tree 
planting has been low (Mixon, 1989). A nationwide survey of CRP participants by the Soil 
and Water Conservation Society found only 12% of respondents were willing to establish 
trees in conjunction with the CRP (Nowak and Schnepf, 1994). A study by Lant (1989) 
surveyed farmers in Illinois and found little willingness to restore trees in riparian areas. It 
was also found that the presence of a tree requirement clause would have likely reduced 
farmer participation to less than 10% (Cant, 1989). A study by Olmstead and McCurdy 
(1989) cited three important reasons why landowners were not choosing to install trees: the 
production period for trees is too long, lack of information regarding timber management, 
and the annual rental payments were too low. Schultz et al. (2000) cite many of these same 
reasons and also discuss landowner concern that planting trees reduces their options with 
regard to future reclamation of these riparian areas for crop production. A key aspect of this 
concern is the cost of tree removal for agricultural land reclamation. However, in a recent 
study of financial agents in the MTLW, Brewer (2002) found that 90% of respondents 
viewed riparian forest buffers as an overall asset when considering government assistance, 
market and non-market benefits (conservation). When only market (financial) benefits were 
considered this percentage dropped to 46%. 
As biobased products continue to gain government interest, more bioeconomy 
initiatives are being touted for sustaining the future of agriculture in the Midwest (Walsh et 
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al., 1996; Graham and Walsh, 1999). As riparian forest buffers are being established and 
developed for environmental and conservation benefits, it is known that along-term flow of 
conservation benefits will require various management actions (USDA-NRCS RFB Practice 
Sheet, 1997; Schultz et al., 2000). These management actions include periodic removal of 
aboveground woody and herbaceous biomass. Currently little is known about the market 
potential for the woody and herbaceous biomass that can be obtained from perennial 
components of riparian buffers. 
This paper investigates the joint production of conservation and market based benefits 
from the existing and potential riparian forest buffers in the MTLW. The central thesis is 
that landowners are able to generate income from biomass or fiber production associated 
with natural and planted riparian forest buffers while society accrues the (expected) 
conservation benefits of reduced NPS pollutants. Six multi-species riparian buffers were 
analyzed to meet two different output scenarios. The first output scenario focuses primarily 
on the optimization of conservation (soil and water) benefits to achieve improved water 
quality and wildlife habitat while secondarily producing woody and herbaceous biomass to 
be used as feedstock in a medium density fiberboard (MDF) located in the MTLW. The 
second output scenario focuses primarily on the optimization of woody and herbaceous 
biomass production while secondarily producing conservation benefits. 
Riparian Forest Buffers 
The USDA Forest Service (Welsch, 1991) defines a riparian forest buffer as: "An 
area of trees and other vegetation located in areas adjoining and upgradient from surface 
water bodies and designed to intercept surface runoff, wastewater, subsurface flow and 
deeper groundwater flows from upland sources for the purpose of removing or buffering the 
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effects of associated nutrients, sediment, organic matter, pesticides or other pollutants prior 
to entry into surface waters and groundwater recharge areas." Buffers play an important role 
in the reduction of NPS pollution and improvement of water quality; however, the benefits of 
riparian forest buffers do not stop there, but can extend their reach into both the economic 
and social sectors. 
Riparian forest buffers can enhance their surrounding environment through market 
and non-market benefits. Buffers can be a source of high quality wood and fiber (Kurniadi, 
1988) when harvested carefully and in a sustainable manner (Schultz et al., 2000). In any 
forest setting there is always the option of planting and producing specialty products in 
addition to the primary tree species. One of the main advantages of specialty products is that 
landowners are able to gain supplemental income from their sales while continuing to 
improve the environment (Thomas and Schumann, 1993; Josiah, 2001). Buffers can also 
play an important role in species diversity. Natural riparian areas have the capability to 
possess a diverse array of species and environmental functions (Naiman et al., 1993). Many 
different species of wildlife and vegetation can inhabit riparian areas. According to Palone 
and Todd (1997) riparian areas are used by wildlife more than any other type of habitat. 
Multi-species riparian forest buffers can reduce NPS pollution and improve water 
quality by reducing the amount of sediment that reaches open water through surface runoff 
(Lowrance et a1., 1985; Isenhart et al., 1997; Schultz et al., 2000). Buffers have many 
functions including, "trapping, filtering, and converting sediment and agricultural chemicals 
before they reach the stream, providing streambank and channel stability and habitat for both 
terrestrial and aquatic organisms. By slowing floodwaters they also can play a role in 
reducing downstream floods during storm events. Their ability to sequester large amounts of 
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C (carbon) can play a role in global climate change" (Schultz et al., 2000 p 191). Palone and 
Todd (1997) found that a 3 0-m wide mature forest buffer could remove from 40 to 64% of 
incoming sediment (low level range) to 85 to 95% of incoming sediment (high level range). 
A North Carolina study found that a 4.27 mwarm-season grass buffer decreased sediment by 
68 to 71 %whereas an 8.53 mwarm-season grass buffer decreased sediment deposition by 86 
to 90% (Osmond et ai., 2002). Also, tall warm-season prairie grasses such as switchgrass 
(Panicum virgatum L.) have a longer sediment trapping life span than buffers containing 
shorter cool-season grasses (Dabney et al., 1994). 
Riparian buffers can also improve water quality by transforming, trapping, and 
storing chemicals that are part of NPS pollution. A study conducted by Tufekcioglu et al. 
(1999 p 1) found that root density was significantly greater under switchgrass fields versus 
corn or soybean fields and that "abundant fine roots, deep rooting profiles, and high soil 
respiration rates in multispecies riparian buffer zones suggest that these buffer systems added 
more organic matter to the soil profile, and, therefore, provided better conditions for nutrient 
sequestration." In a study conducted by Lee et al. (1999) nutrient and sediment removal by 
switchgrass and cool-season grass filter strips were compared. It was shown that switchgrass 
filter strips of three and six meters removed significantly more total-N, NO3-N, total P and 
PO4-P than cool-season filter strips. Palone and Todd (1997) found that high levels of 
nitrogen could be decreased by 68 to 92% and 70 to 81 % with a 30 m wide mature forest 
buffer. Lowrance et al. (1995) found that a species combination of both grasses and trees 
produced the highest reduction levels in sediment, nitrogen, and phosphorus. 
General requirements for amulti-species riparian buffer are as follows: zone one is 
closest to the stream and consists of at least 30 feet wide strip of trees, zone two is a 
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minimum 12 feet wide strip Of shrubs, and zone three is a minimum 20 feet of native war~n-
season grasses follows (Schultz et al., 1997). Trees in zone one should be fast growing 
species suited for bottomland conditions such as silver maple (Acer saccharinum Gabriel) 
and cottonwood (Popul us spp. ). Zone two often consists of shrubs although, this zone can be 
converted to trees or grasses depending upon individual landowner goals. 
~'he ~~~°~en~ ~~~~~~Ilo ~~~ 
~~ ~°I~ T~~~n L~I~e ~~e~~he~o The MTLW encompasses 5957 square kilometers 
(MoDNR, 2001) in northeast Missouri. At the mouth of the watershed lies Mark Twain 
Lake, a U.S. Army Corps of Engineers project completed in 193. The MTLW has seven 
major rivers and creeks: Elk Fork Salt River, Middle Fork Salt .River, North Fork Salt River, 
South Fork Salt River; Crooked Creek, Geer Creek, and Long Branch Creek. Figure 2.1 
shows the location of the MTLW. 
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Figure 2.1 Map showing the lacation of the Mark Twain Lake watershed in light green 
(595,700 hectares) and 1Vlark Twain Lake in black (7500 hectares} in northeast 
Missouri(Minnesota DNl~, 2001). 
Historically the landscape of the MTLW was a tall grass prairie with forests along 
rivers and on valley side slopes (Changnon et al., 2003). 1Vluch of the watershed is currently 
cultivated or utilized for grazing purposes. This conversion to agriculture has resulted in 
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increased sediment loads and agricultural runoff reaching streams and rivers (Peterjohn and 
Correll, 1984; Schultz et al., 1995). With the onset of highly sensitive (erosive) land entering 
the Conservation Reserve Program and the adoption of soil conserving practices such as 
conservation tillage, soil sediment loss has declined in many areas. However, the soil loss 
rate is still above tolerable levels in many Midwestern areas including the MTLW (USDA-
NRCS Geography, 1997}. Sediment accumulation in rivers and streams has a two part cost. 
The first cost is the direct cost of meeting basic water quality standards through water 
treatment facilities, while the second cost revolves around the lost economic opportunity 
(Ongley, 1996). This lost economic opportunity maybe in the way of reduced fishing due to 
pollution in streams and hypoxia in the Gulf of Mexico. Therefore, it is very difficult, if not 
impossible to accurately represent the accrued Loss due to sediment deposition. 
Although agricultural practices dominate the landscape, approximately 13 % of the 
MTLW area is currently in forest vegetation (Ostrom, 1991). The common tree species 
found in this bottomland area are: silver maple, cottonwood, sycamore (1'latanus occidentalis 
Well and Schmidtling), and green ash (Fraxinus pennsylvanica Kennedy). The overall 
timber volume growth rate for the Missouri Prairie Unit is 2.45% (Ostrom, 1991) and oak 
species (Que~cus spp.) account for 50% of the total growing stock volume. 
Methods 
The first step in analyzing the land use practices of the MTLW was to assemble 
specific data concerning three sub-watersheds contained within the MTLW boundary. The 
three chosen watersheds were Crooked Creek and Otter Creek located in Shelby and Monroe 
counties and Long Branch Creek located in Monroe and Audrain counties. These watersheds 
were chosen due to financial and time constraints that do not permit full scale mapping of the 
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entire MTLW and were assumed to be representative of the larger watershed. The Center for 
Agricultural, Resource, and Environmental Systems (CARES) at the University of Missouri 
-- Columbia was commissioned to provide a working data set including such geographical 
aspects as: watershed boundaries, land cover types, hydrologic mapping and soil mapping 
units in a Geographical Information System (GIS) format. Six land cover types were 
identified as: built-up homestead, cropland, grass/pasture, grass waterway, forest/brush, and 
water. 
Through the use of GIS mapping, it was evident that a relatively high percentage of 
forest was found surrounding riparian areas in Crooked, Otter, and Long Branch Creeks. On 
average a 55 m wide buffer adjacent to these creeks contains 47% of forest (and brush). For 
.this project it was assumed that the large proportion of slow growing oak species was 
depressing the more rapid growth rates of bottomland species. Therefore, it was estimated 
that a more rapid growth rate of 3.0% for the species of silver maple, cottonwood, sycamore, 
and green ash would be reasonable. Consequently the growth of the natural forest 
component was estimated to be 0.47 dry mt ha i yr" l . 
The estimated growth rate for hybrid cottonwood, which is the proposed planted 
woody species, was based upon research information (Riemenschneider et al., 2001; R.B. 
Hall Personal communication, 2003). Average yields for cottonwood (poplar) clones in 
Ames, IA and Madison, VVI range from 13.5 to 17.8 dry mt ha 1 yr" 1 . According to Hall 
(Personal communication, 2003) hybrid cottonwood yields are expected to reach their 
maximum mean annual increment (MAI) at an age of eight years and produce 16 to 18 dry 
mt ha 1 yr" l . Given that these clones are grown in a research setting with high intensity weed 
control, yield estimates in Missouri buffer settings need to be adjusted to reflect poorer soil 
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conditions, less intensive weed control, and reduced overall yields. It was assumed that there 
would be a 28% reduction in growth because of soil and management differences. An 
additional 10% reduction in yield was subtracted to account for branch weight (DeBell and 
Harrington, 1997; DeBell et al., 1997). Given these assumptions, yield for cottonwood 
specifically selected for the area in northeast Missouri would be estimated to reach a growth 
potential of 10.3 6 dry mt ha- i yr 1 in eight growing seasons . 
Switchgrass is also a proposed component included in the riparian buffer design. 
Switchgrass is a perennial grass species that once dominated the tall-grass prairie and has 
been increasingly poplar due to its productivity in the hot summer months (Lewandowski et 
al., 2002). In a study conducted by Burras et al. (2001) switchgrass yields were found to be 
6 dry mt ha j yr-i . These yields were achieved by southern Iowa farmers growing switchgrass 
for biomass and therefore assumed to be representative of potential growth rates in northeast 
Missouri. 
These yield data were then coupled with the six different buffers designs to produce 
estimates of harvestable mean annual increment of biomass (woody and herbaceous). 
Throughout all buffers the harvest equals the growth of the native stand or planted RFB. 
This will help to ensure a sustainable harvesting plan. Yield data were then compared with 
the required amount of biomass fiber for a plant capable of producing 130,000 msf of 3/ a " 
MDF annually. This size operation would require 183,977 to 212,281 dry mt (86,666 to 
100,000 bone dry units) of fiber annually. For simplicity sake, it is assumed that required 
fiber demand is 197,766 dry mt annually. 
Arc View 3.0 (ESRI, 2003) was used to separate the three sub-watersheds according 
to the percentage of land cover types. This classification was done on asub-watershed level 
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as well as on an individual buffer level. Figure 2.2 illustrates the boundary for the Otter 
Creek watershed. Figure 2.3 details the current land use of a 54.86 m buffer in the Otter 
Creek watershed. Buffers were set at three intervals: 18.29 m (60 ft), 36.58 m (120 ft), and 
54.86m (180 ft) and extend out parallel for the given distance on both sides of the creek. A 
width of 54.86 m (180 ft) was chosen as it represents the maximum allowable width for cost 
share assistance riparian forest buffers under the CRP (USDA-NRCS, 2000). 
The next step was to create a scenario where all riparian corridors were lined with 
54.86 m (180 ft) wide multi-species buffers. A total of six different buffer scenarios were 
constructed. These buffers were different combinations of the existing forest vegetation, 
which includes fast growing tree species such as silver maple, cottonwood, sycamore, green 
ash, switchgrass, and assorted shrubs such as silky dogwood (Corpus amomum Mill.), gray 
dogwood (Corpus racemosa Lam.), and elderberry (Sambucus canadensis L.) (Schultz et al., 
2000). 
The six buffer scenarios were designed to jointly produce conservation and market- 
based benefits. As shown in Figure 2.4 the six buffers are separated into two different 
categories: conservation buffers and biomass buffers. Within these two categories, three 
separate buffer designs were created to optimize unique goals. In order to ensure an area 
reserved solely for conservation benefits, an 18.28 m reserve (no cut) strip was embedded in 
each of the conservation buffers. The reserve strip was a parallel zone that extended 18.28 m 
from the water source and was set aside from all harvesting. The reserve strip was chosen 
because riparian forests have been shown to be effective in the reduction of NPS (Lowrance 
et al., 1985). In order to ensure a flow of conservation benefits from the biomass buffer 
scenarios, no herbaceous material (switchgrass) will be harvested. The switchgrass ranges in 
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width from 3 m to 18 m for the three biomass buffers. Switchgrass was chosen because of its 
ability to filter incoming sediment and pesticides (Lee et al., 1999; Osmond et al., 2002). 
~ Joint Production of Conservation and Market-based
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Benefits Associated with Riparian Forest Buffers 
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Figure 2.4 Six riparian forest buffer scenarios in the MTLW categorized by primary focus of 
output. 
The buffers were analyzed based upon two participation rates. Initially, it is assumed 
that all land eligible for riparian forest buffers (including native forest component and 
established buffer) would enter into buffer. This will be referred to as a 100% land 
participation rate. Next, it is assumed that only 10% of the total land eligible for riparian 
forest buffer will convert to buffers (Cant, 1991; Nowak and Schnepf, 1994). This will be 
referred to as 10% land participation. Figures 2.5 — 2.10 provide a brief description and 
diagram of each buffer. It was assumed that all land currently utilized for cool season hay, 
pasture, or cropping purposes would convert to riparian buffers and all existing built-up 
homesteads and grass waterways would not be altered. Given these assumptions there would 
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Figure 2.9 Conservation Buffer #2. Primary production of conservation and wildlife benefits 
with woody biomass. 
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Figure 2.10 Conservation Buffer #3. Primary production of optimization of conservation 
benefits with woody and herbaceous biomass. 
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Table 2.1 lists the riparian forest buffer components, possible harvesting techniques, 
and harvest timing schedules for the six multi-species buffers. In accordance with the 18.28 
m (no cut) native vegetation reserve strip in the three conservation buffers, only 8 m of native 
forest are available for biomass harvesting. The native forest and hybrid cottonwood would 
be harvested on a periodic basis. currently, the maximum MAI for hybrid cottonwood is 
expected to occur in the eighth growing season. Group and individual tree selection are two 
possible harvesting techniques. Switchgrass is available for harvest after a two year 
establishment period. Harvest could occur annually or on a longer rotation schedule. As 
always, harvest timing and practices would be ultimately based upon individual Landowner 
goals. Due to the complex nature of the methods section, Figure 2.11 diagrams the 
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Figure 2.11 Flow chart detailing the entire methods process for the MTLW research study of 
joint market and non-market benefit acquisition from riparian forest buffers. 
Results 
Land Use. The entire MTLW encompasses an area of 5955 square kilometers. The 
three sub-watersheds of Crooked, Otter, and Long Branch Creeks occupy 818 square km 
(13.76%) of this greater watershed. GIS data on these three sub-watersheds was broken 
down into six land use types. Tables 2.2-2.4 show the present land uses of the three sub-
watersheds. Presently 64-72% of the land is utilized for cropping practices. Forest and brush 
make up 13 -19% of the total land area. To gain a better understanding of the riparian 
bottomlands, the watershed data were analyzed on a smaller scale that looked at all 
waterways and the encompassing land 54.86 m (180 ft) away in all directions. 
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Table 2.2 Current land use in the Crooked Creek watershed. 
Land Uses Hectares Square Km % of Total Area 
Built-up Farmstead 4299 7.04 2.4% 
Cropland 101779 166.63 57.9% 
Forest/Brush 29973 49.06 17.0% 
Grass/Pasture 24206 39.64 13.8% 
Grass/Waterway 14710 24.08 8.4% 
Water 904 1.4 8 0.5 
Total Area 175871 287.92 
Table 2.3 Current land use in the Otter Creek watershed. 
Land Uses Hectares Square Km % of Total Area 
Built-up Farmstead 2656 4.35 I.6% 
Cropland 107314 175.69 65.8% 
Forest/Brush 23197 37.99 14.2% 
Grass/Pasture 19577 32.05 12.0% 
Grass/Waterway 93 82 15.3 5 5.8% 
Water 954 1.50 0.6% 
Total Area 163080 266.98 
Table 2.4 Current land use in the Long Branch Creek watershed. 
Land Uses Hectares Square Km % of Total Area 
Built-up Farmstead 2061 3.37 1.3% 
Cropland 114065 186.74 70.6% 
Forest/Brush 20877 34.17 12.9% 
Grass/Pasture 15 849 2 5.94 9.8 
Grass/Waterway 8105 13.26 5.0% 
Water 714 1.17 0.4% 
Total Area 161671 264.65 
Utilizing the current land use data, three different buffer widths were created with Arc 
View 3.0. The buffer widths were set at 18.28, 36.58, and 54.86 m away from all creeks, 
rivers, and lakes. After these buffers were created, the land use composition was again 
analyzed. Given that all three sub-watersheds were similar, Otter Creek was chosen to 
represent the land use patterns. Tables 2.5-2.7 show the land use breakdown for Otter Creek 
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Table 2.5 Current land use in the Otter Creek watershed for area 0-54.86 m away from 
streams. 
Otter Creek Land Use Hectares  Square Km % of Total Area
Built-up Farmstead 106 0.18 1 
Cropland 6130 10.05 29% 
Forest/Brush 9681 15.84 46% 
Grass/Pasture 2560 4.19 12% 
Grass/Waterway 225 8 3.70 11 
Water 252 0.41 1% 
Total Area 20987 34.37 
Table 2.6 Current land use in the Otter Creek watershed for area 0-36.57 m away from 
streams. 
Otter Creek Land Use Hectares Square Km % of Total Area 
Built-up Farmstead 47 0.12 1 
Cropland 3 017 4.94 21 
Forest/Brush 7732 12.66 54% 
Grass/Pasture 1460 2.3 8 10% 
GrasslWaterway 1833 3.00 13% 
Water 190 0.31 1 
Total Area 14279 23.41 
Table 2.7 Current land use in the Otter Creek watershed for area 0-18.28 m away from 
streams. 
Otter Creek Land Use Hectares Square K:m % of Total Area 
Built-up Farmstead 15 0.03 0% 
Cropland 704 1.17 10% 
Forest/Brush 4705 7.72 65% 
Grass/Pasture 507 0.83 7% 
Grass/Waterway 1208 1.97 16% 
Water 12 8 0.21 2 
Total Area 7267 11.93 
at each of the three buffer intervals. Land close to the waterways is primarily native forest 
(and brush). In the area 0-54.86 m away from Otter Creek, cropland constitutes 29% of the 
total land use. However the area 0-18.28 m away from Otter Creek has only 10% cropland. 
This land use pattern is even more pronounced in Crooked Creek where cropland area begins 
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at 20% for the widest buffer and then declines to only 5 % in the narrowest buffer. The land 
closer to a stream is dominated by native forest although some cropland exists. In Otter 
Creek, forest (and brush) occupies 46% of the entire land area 0-18.28 m away from the 
water source. 
In scaling up to the overall watershed, 797 square kilometers potentially can be 
devoted to riparian forest buffers assuming a 100% land participation rate. However, this 
number was reduced to 699 square kilometers due to the presence of 98 square km of 
homesteads and grass waterways that would remain unaltered. It was also assumed that land 
currently classified in forest and brush would not be altered. However, management plans 
for the native riparian forest land would need to be put into place to achieve optimal 
conservation and biomass benefits. Given all of these conditions, a total of 323.62 square km 
(5% of total land area in the MTLW) would be converted from grass/pasture (100.97 square 
km) and cropland (222.65 square km) to riparian forest buffers at 100% land participation. 
Yield Data. Figure 2.12 shows the flow of biomass from the riparian forest buffers 
and details each of the reserved (no cut) areas. In order to determine feasibility given the 
previous biomass yield estimates, two different comparisons were made; in the first 
comparison it was assumed only woody biomass would be harvested (base scenario) and in 
the second comparison a combination of both woody and herbaceous biomass would be 
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Figure 2.12 Source of woody and/or herbaceous biomass for biomass and conservation 
riparian forest buffers in the MTLW. 
Tables 2.8 and 2.9 detail the percentage of biomass supplied by buffers for utilization 
in a MDF plant located in the MTLW. Harvesting of only woody biomass is the base 
scenario for both biomass and conservation buffers. In certain circumstances, dependent 
upon the slope of the land and the adjacent management actions, it may be possible to harvest 
the herbaceous material within the biomass buffer scenarios. However, the harvesting of the 
herbaceous material may produce an unacceptable tradeoff due to its high conservation 
capacity and relatively low yield in comparison to hybrid cottonwood. 
Table 2.8 Percent of required biomass supplied by buffer scenarios with 100% participation 
(expressed on a %basis). Required annual biomass fiber is 197,766 dry metric tons of fiber 
fora 13 0,000 msf medium density fiberboard plant on 3/ a " basis. 
Woody (Base Scenario) Woody and Herbaceous 
Percent Supplied Percent Supplied 
Biomass Buffer #1 181 % 193% 
Biomass Buffer#2 140% 152% 
Biomass Buffer #3 79% 1 SO% 
Cons a rv. Buffer #1 13 5% 170% 
Cons a rv. Buffer #2 74% 109% 
Cons a rv. Buffer #3 74% 144% 
SO 
Table 2.9 Percent of required biomass supplied by buffer scenarios with 10% participation 
(expressed on a %basis). Required annual biomass fiber is 197,766 dry metric tons of fiber 
fora 130,000 msf medium density fiberboard plant on a 3/ 4"  basis. 
Woody (Base Scenario) Woody and Herbaceous 
Percent Supplied Percent Supplied 
Biomass Buffer # 1 18% 19% 
Biomass Buffer #2 14% 15% 
Biomass Buffer #3 8% 1 S% 
Conserv. Buffer #1 13% 17% 
Cons a rv. Buffer #2 7% 11 
Conserv. Buffer #3 7% 14% 
With a 100% land participation rate and the harvest of only woody fiber, three of the 
six buffer scenarios meet the annual biomass fiber demand of a MDF mill. Biomass Buffers 
# 1 and #2 along with Conservation Buffer # 1 are able to meet mill fiber requirements with 
100% participation. Biomass buffer #3 (100% participation) is able to meet 79% of the total 
demand while Conservation buffers #2 and #3 (100% participation) are able to meet 74% of 
the total demand. When land participation declines to 10%, the six buffer scenarios only 
produce enough biomass to supply 7-18% of the mill's needed supply. When considering 
only biomass buffers and land participation rate of 10%, the addition of herbaceous 
harvesting totals a 1-7% increase towards the MDF's annual fiber requirement. Furthermore, 
Biomass Buffers # 1 and #2, only accrue a 1 %gain from the addition of herbaceous 
harvesting. This small gain may not be enough to offset the loss of conservation benefits 
provided by the intact switchgrass buffer. 
When woody and herbaceous biomasses are harvested, there is an increase in the 
percent of fiber biomass supplied. As shown in Tables 2.8 and 2.9 all biomass and 
conservation buffer scenarios, with harvesting of woody and herbaceous fiber and 100% 
assumed land participation, produced enough fiber to supply a MDF plant sited in the 
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MTLW. However, when participation decreased to 10%, the same scenarios only produced 
enough biomass to supply 11-19% of the need. Biomass Buffer # 1 is the most productive 
buffer while Conservation Buffers #2 and #3 are the least productive on a yield basis. 
It is interesting to note that total yield variation between biomass and conservation 
buffers is fairly small. This difference is primarily due to the low yield of the current riparian 
forestland, which comprises the entire 18.28 m (60 ft) reserve strip. Therefore, the reserve 
strip in the conservation buffer scenarios does not lead to a high reduction in total biomass. 
However, native vegetation can reduce NPS pollution and erosion (Lowrance et al., 1985; 
Isenhart et al, 1997; Schultz et al., 2000). It is important to note that with improved 
management, the natural forest component could become a larger biomass contributor. 
Table 2.10 details the percentage of land participation that would produce the exact 
amount of fiber equal to the annual required quantity (197,766 dry metric tons) for a MDF 
plant sited in the MTLW. If only woody biomass is harvested, on average a land 
participation rate of 99.5% would be required to supply the MDF plant. If woody and 
herbaceous biomass is harvested, on average a land participation rate of 67.5% would be 
required to supply the MDF plant. 
Table 2.10 Percentage of land required to produce biomass in order to fully supply a plant 
capable of manufacturing 130,000 msf of 3/ 4"  medium density fiberboard annually. 
B uffe r Name 
Woody 
Land particaption 
Break even point 
Woody and Herbaceous 
Land particaption 
Break even point 
Biomass Buffer # 1 
Biomass Buffer #2 







Cons a rv. Buffer # 1 
Co ns a rv. Buffer #2 









It is possible to accrue conservation benefits while producing woody and herbaceous 
biomass. Significant conservation and environmental benefits can occur within short 
distances of 3 m to 18 m (Dabney et al., 1994; Lee et al., 1999; Osmond et al., 2002). 
However, this is dependent upon land use and management practices adjacent to the riparian 
forest buffer. It is also imperative that the current condition of the land as well as the slope 
be taken into account when designing and managing a riparian buffer. Steeper slopes require 
wider butters as do annually cropped farmland with minimal upland soil conservation 
practices. 
According to the biomass estimates, it is possible to meet the demands of a 130,000 
msf MDF plant with 100% land participation in the MTLW. However, a situation with 
100% participation is highly unlikely. Biomass estimates with participation rates of 10% are 
more likely to occur (Cant, 1991; Nowak and 5chnepf, 1994). These biomass estimates 
supply anywhere from 7 to 19% of the plant's annual biomass requirement. Therefore, to 
support a MDF facility in the MTLW, biomass must be obtained from outside the riparian 
area of the MTLW. This fiber could come from the watershed's upland areas or from nearby 
counties and states. The MDF to be manufactured from biomass obtained from the proposed 
riparian areas utilizes silver maple, cottonwood, sycamore, and green ash. The combination 
of these low to medium density species is likely to produce alight-colored fiberboard 
product. It is also possible to create alight-colored MDF product utilizing switchgrass or a 
blend of the tree species and switchgrass (D.D. Stokke, Personal communication, 2003). 
According to MDF industry expert, David Pierce (Personal communication, 2003) the lighter 
the color the MDF, the higher dollar value it garners in today's market. This value is 
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substantially higher. In 2002 the price for delivered low quality, dark-colored MDF ranged 
from $330-340 msf' whereas high quality, light-colored MDF ranged $430-440 msf' (D. 
Pierce, Personal communication, 2003). Therefore, there is a distinct advantage for having a 
high quality, light-colored product. Light-colored MDF is more valuable because it can 
utilize a thinner surface veneer. Dark-colored MDF requires a thicker veneer and therefore 
incurs additional cost to minimize substrate (core) show though (D.D. Stokke, Personal 
communication, 2003). So it is imperative that light-colored, low to medium density tree 
species be used in the manufacturing process to maximize profit. In addition appropriate 
processing technology is needed to ensure alight-colored final product (D.D. Stokke, 
Personal communication, 2003). 
Based on industry costs, the model mill can afford to pay $3 8 dry mt"' of woody 
biomass. On average one-half of the woody biomass price would be paid to the farmer ($19 
dry mf l) and the remaining $19 dry mt ~ would account for harvesting and transportation 
expenses (Kumar et al., 2003). It is important to look at biomass yield data from a farmer's 
financial perspective. The annual equivalent value (AEV) for a farmer growing and selling 
hybrid cottonwood assuming an eight year rotation length, a 10% discount rate, and an 
assumed average woody harvest of 10.36 dry mt ha"~ yr" is $136 ha"' yr ~ ($55 ac'' yr'). The 
current mean cropland rental rate in Missouri is $187 ha"~ yr ~ ($76 ac- ~ yr 1), whereas the 
current mean pasture rental rate is $59 ha"~ yr'1 ($24 ac- ~ yr"~) (Plain and White, 2003). 
Therefore, from an annual potential net return standpoint, it is financially advantageous for a 
farmer to convert pasture land to woody riparian buffers with the goal of selling woody 
biomass. In order to compete with the average cropland rental price, a farmer would have to 
receive an additional $51 ha ~ yr" on top of the current woody biomass AEV of $136 ha' yr'. 
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It is also important to remember that while the farmer receives market or financial benefits, 
society is able to accrue non-market benefits such as improved water quality. One way to 
help offset plating and maintenance costs would be to enroll in the Continuous Conservation 
Reserve Program. At the conclusion of a 10 to 15 year contract the landowner could then sell 
the accumulated woody biomass. Therefore, the construction of riparian forest buffers can 
provide both a public goad (non-market conservation benefits) and a private good (market 
financial benefits). 
Tables 2.11 and 2.12 compare the different biomass and conservation scenarios on the 
basis of biomass output, soil and water conservation benefits, and wildlife and aesthetic 
benefits. Table 2.11, is based upon 10% land participation and assumes woody and 
herbaceous biomass harvesting. Table 2.12, is based upon 10% land participation and 
assumes only woody biomass harvesting to provide additional assurance of obtaining 
expected conservation benefits. The values are the percentage of total biomass supplied 
given an annual need of 197,766 dry metric tons. Soil and water conservation benefits and 
wildlife and aesthetic benefits are rated on a scale of low, medium, and high. It is important 
to note that these comparisons are made within the six biomass buffer scenarios and within 
Table 2.11 Comparison of biomass and conservation buffer scenarios (assuming 10% 
participation and utilization of woody and herbaceous biomass) for three different categories. 
Buffer Biomass Output Soil and Water Wildlife 
Scenarios (% of total demand) Conservation and 
Benefits Aesthetic Benefits 
Biomass # 1 21 % Low Low 
Biomass #2 17% Low-Medium Low-Medium 
Biomass #3 16% Low Low 
Conservation #1 18% Low-Medium Low-Medium 
Conservation #2 12% Medium Medium-High 
Conservation #3 15 % Low-Medium Low 
SS 
Table 2.12 Comparison of biomass and conservation buffer scenarios (assuming 10% 
participation and utilization of woody biomass) for three different categories. 
Buffer Scenarios Biomass Output Soil and Water Wildlife 
(% of total demand) Conservation and 
Benefits Aesthetic Benefits 
Biornass #1 20% Low-Medium Low 
Biomass #2 1 S% Medium Medium 
Biomass #3 9% Medium-High Low 
Conservation # 1 15 % Medium Medium 
Conservation #2 8% High High 
Conservation #3 8% High Medium 
the context of woody and herbaceous biomass harvesting and only woody biomass 
harvesting. A low wildlife quality rating in a buffer should not be interpreted to mean the 
buffer has no wildlife value; rather the buffer has potentially negative impact on wildlife 
compared with a buffer specifically designed for improvement in wildlife habitat. For 
example, Conservation Buffer #2 was specifically designed with wildlife habitat in mind 
whereas Conservation Buffer # 1 was not. Therefore, Conservation Buffer #2 (with no 
herbaceous biomass harvesting) receives a rating of high, where Conservation Buffer #1 
(with no herbaceous biomass harvesting) receives a rating of medium. However, if woody 
and herbaceous fiber is harvested from Conservation Buffer #2, the rating drops to Medium-
High because of the annual reduction in wildlife cover from the removal of switchgrass. 
One additional consideration is the frequency of disturbance. This will be highly 
dependent upon the type of biomass being harvested and individual landowner goals. If 
herbaceous biomass is harvested, this has the potential to occur on an annual basis once the 
switchgrass has become established. If woody biomass is harvested, this could occur on a 
more periodic basis. Specific rotation lengths would vary according to landowner goals but 
maybe assumed to be eight years for hybrid cottonwood planted in a riparian forest buffer. 
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In relation to forestry rotation length, more and more programs are seeking to 
encourage landowner participation in forestry programs by providing financial assistance. 
One of these programs is the Minnesota Agro-Forestry Cooperative. This cooperative helps 
ameliorate some of the existing financial problems when dealing with short rotation forestry. 
One way they accomplish this is through lobbying for state agroforestry funding. In addition, 
they have sought to gain landowner acceptance of tree planting through the development of 
the Producer Capitalization Program (PCP). The PCP provides annual payments to the 
landowner that serve as advanced payments on the future biomass crop that the trees produce 
(Schmidt et al., 2000). In 2000 the Minnesota state government awarded the PCP a grant and 
loan both in the amount of $200,000 (Schmidt et al., 2000). A program of this type is an 
option for the MTLW to provide landowners with a more secure financial future. 
One other program that is working to promote biomass utilization is the CRP 
Biomass Pilot Project. The Biomass Pilot Project promotes sustainable biomass harvesting 
projects through the use of the CRP. Currently the project only provides funding for biomass 
harvesting when the biomass is utilized for energy production and is off limits to riparian 
forest buffers (USDA-FSA, 2000). However, this program could provide the basis for other 
biomass programs that could include biomass harvesting initiatives for projects other that of 
energy production. These programs could also work towards including other CRP enrolled 
land. 
Conclusions 
Buffers have the potential to be more acceptable to farmers if they can jointly produce 
annual market (financial) as well as non-market conservation benefits. The production and 
harvest of woody and herbaceous fiber from riparian forest buffers is one option. Adoption 
s~ 
rates for tree planting practices in conjunction with the CRP are estimated to be 10% (Cant, 
1991; Nowak and Schnepf, 1994). With 10% of all eligible land in participation in the 
MTLW, approximately 10-20% of the annual fiber requirements for 130,000 msf MDF plant 
can be rnet through the harvest of woody and/or herbaceous biomass. Therefore, additional 
inputs of biomass would be required from outside of the initial buffers. This biomass could 
be acquired from additional landowners within the Mark Twain Lake watershed or from 
counties surrounding the watershed. 
The MDF that could be produced from the woody and herbaceous species from the 
proposed riparian areas (silver maple, cottonwood, sycamore, green ash and switchgrass) will 
yield alight-colored fiberboard product. The MDF industry receives a higher dollar value 
for MDF manufactured from light-colored fiber. In 2002, the price for delivered low quality, 
dark-colored MDF ranged from $330-340 msf' whereas high quality, light-colored MDF 
ranged $430-440 msf' . Therefore, there is a distinct advantage for having a high quality, 
light-colored product. Light-colored MDF is more valuable because it can utilize a thinner 
surface veneer to minimize core show though (D.D. Stokke, Personal communication, 2003). 
Therefore, it is necessary to utilize light-colored tree species in the manufacturing process in 
order to maximize profit. 
It is possible to simultaneously achieve conservation and market-based benefits in a 
riparian buffer system in the MTLW. For every site there is a balance that needs to be 
recognized when designing, managing, and harvesting from a buffer for multiple benefits. 
An increase in the amount of woody or herbaceous fiber harvested from riparian forest 
buffers leads to a decrease in the amount conservation benefits that society can accrue. In 
areas where biomass yield is relatively low, the trade-off of additional fiber for a decrease in 
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conservation benefits may not be acceptable. Decisions on buffer designs and harvesting are 
dependent upon the land (erosive capacity), vegetation, and adjacent land use practices. 
Ultimately, land use decisions and the scope of desired outcomes (market and/or non-market) 
rest with the individual landowner. 
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CHAPTER 3. POTENTIAL MAR:I~ET BENEFITS FROM 
RIPARIAN FOREST BUFFERS IN THE MARK TWAIN LAKE WATERSHED: 
AN ANALYSIS OF A PROPOSED 
MEDIUM DENSITY FIBERBOARD PLANT 
A paper to be submitted to Wood and Fiber Science 
Susanne M. Knutsen and Joe P. Colletti 
Abstract 
Bioeconomy initiatives are currently being touted as a way to sustain the future of 
Midwestern agriculture. In addition, increasing concern over the environment has caused a 
focusing on reducing the amount of nonpoint source (NPS) pollution from agricultural fields 
through the use of riparian forest buffers (RFB). The objective of this study was to 
determine the potential flow of market-based biomass and conservation benefits from 
existing and planted riparian forest buffers located in the Mark Twain Lake watershed 
(MTLW) in northeastern Missouri and assess the financial viability of a medium density 
fiberboard (MDF) plant capable of producing 130,000 thousand square feet (msf) of 3/4" 
MDF annually using the biomass. It was found that a land participation rate of 10% 
produced enough woody and herbaceous biomass to supply 10-20% of the plant's annual 
fiber requirement. On average 67.5% of all eligible land needs to be in production of woody 
and herbaceous fiber to meet the plant requirements. If fiber supply is limited to only woody 
biomass, this percentage increases to 99.5%. In addition, it was found that a high quality, 
light-colored MDF product could generate a net present value (NPV) of $976.94 msf 1
whereas low quality, dark-colored MDF could turn out a NPV of $160.18 msf' . 
Introduction 
As biobased products continue to gain government attention and involvement, state 
level and federal bioeconomy initiatives are being touted as means to sustain agriculture in 
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the Midwest. However, current agricultural production and energy use of agricultural 
residues will come with an environmental price tag. Agricultural runoff and leaching of 
phosphorus, nitrogen, sediment, and pesticides all contribute to NPS pollution (Ongley, 
1996). The federal government established the Conservation Reserve Program (CRP) in 
1985 to help ameliorate NPS pollutions connected with many agricultural systems. One such 
land practice included in the CRP is the development and installation of riparian forest 
buffers (CP-22). Riparian forest buffers are intended to reduce sediment loss and help 
decrease other NPS pollutants such as nitrate and nitrogen along highly impacted streams and 
water sources in agricultural areas. While enrollment into the general CRP must be done 
during set sign-up periods, environmentally desirable lands that are devoted to certain 
conservation practices, such as riparian forest buffers, are eligible to enroll at any time into 
the Continuous CRP (USDA-FSA Continuous CRP, 2003). Program participants receive the 
same monetary benefits as the basic CRP (cost share assistance, land rental payments, 
management incentives); in addition the Continuous CRP offers an additional up front 
signing incentive payment (SIP). 
As riparian forest buffers are established and developed for conservation benefits, it is 
important to realize that to achieve and sustain conservation benefits, management actions 
will be necessary. Management actions include periodic removal of aboveground woody and 
herbaceous biomass (USDA-NRCS RFB Practice Sheet, 1997; Schultz et al., 2000). Many 
studies have concentrated on the use of biomass for energy sources (Walsh et al., 1996; 
Graham and Walsh, 1999; Burras et al., 2001), however, less is known about the market 
potential of biomass for use in biocomposite products such as MDF. This paper determines 
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the market based potential of woody and herbaceous biomass for use in MDF and the 
economic feasibility of a MDF mill utilizing riparian forest buffer derived fiber. 
Two different buffers scenarios were developed. The first scenario focuses primarily 
on the optimization of conservation benefits to achieve improved water quality and wildlife 
habitat while secondarily producing woody and herbaceous biomass to be used in the 
production of medium density fiberboard. The second scenario focuses primarily on the 
optimization of woody and herbaceous biomass production while secondarily producing 
conservation benefits (soil, water, and wildlife). For each buffer it is assumed that 
landowners are able to sell the fiber while the buffer generates conservation benefits. It was 
assumed that all woody biomass harvested from riparian forest buffers would be utilized in 
the production of MDF. There would also be the possibility of biomass from the perennial 
herbaceous components of the buffer system. The ultimate goal is to have a MDF plant 
situated within the MTLW. In order to determine the feasibility of such a mill, a cash flow 
analysis was constructed that compares the cost of manufacturing to the selling price of MDF 
on a msf basis. 
Hypothesis 
The central hypothesis of this analysis is that riparian forest buffers can provide 
effective conservation benefits (NPS pollution reduction, enhancement of water quality) 
while producing market-based production (woody and herbaceous biomass) benefits. 
The Current Situation 
The MTLW encompasses 5957 square km (MoDNR, 2001) in northeast Missouri. 
The MTLW is made up of seven major rivers and creeks which all empty into the Mark 
Twain Lake. Since 1998, the Iowa State University Agroecology Issue Team (AIT) has been 
66 
working with the University of Missouri Center for Agroforestry -Columbia to develop 
flexible riparian management systems that are locally acceptable to farmers and landowners. 
Specifically this team has worked on three sub-watersheds contained with the MTLW. These 
creeks are: Crooked Creek, Otter Creek, and Long Branch Creek. Together these three sub-
watersheds represent 13.76% of the total MTLW area. 
Through the use of GIS technology, it was evident that an existing native buffer of 
forest and brush had often been left surrounding riparian areas in Crooked, Qtter, and Long 
Branch Creeks. It was found that riparian areas 54.86 m (180 ft) wide currently contain 47% 
forest and brush. The main tree species found in the native forested area are: silver maple 
(Acer saccharinum Gabriel), cottonwood (Populus spp.), sycamore (Platanus occidentalis 
Wells and Schmidtling), and green ash {Fraxinus pennsylvanica Kennedy). 
The overall timber volume growth rate for the Missouri Prairie Unit is 2.45% 
(Ostrom, 1991); however, oak species (Quercus spp.) account for SO% of the total growing 
stock volume. According to the Missouri Department of Conservation, silver maple, 
cottonwood, sycamore, and green ash all have rapid growth rates while white oak (Quercus 
alba Rogers), overcup oak (Quercus lyrata Solomon), and burr oak (Quercus macroca~pa 
Johnson) all have slow growth rates (Kabrick and Day, 2001). Taking into account that oak 
species tend to have slower growth rates and given that oaks are a substantial component of 
the overall forest, it is reasonable to estimate a more rapid growth rate of 3.0% for the 
bottomland species of silver maple, cottonwood, sycamore, and green ash. Thus, the native 
forest component yield would be 0.47 dry mt ha-' yr"'. 
It was assumed that cottonwood species specifically chosen for the area would be 
utilized to create the woody portion of the riparian forest buffers. The estimated growth rate 
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of cottonwood was based upon research information (Riemenschneider et a1., 2001; R. B. 
Hall, Personal communication, 2003). Average yields for poplar clones in Ames, IA and 
Madison, WI are currently running at 13.5 to 17.8 mt ha" t yr t (Riemenschneider et al., 2001). 
According to R. B. Hall (Personal communication, 2003) yields are expected to reach their 
maximum mean annual increment (MAI) at an age of eight years and produce 16 to 18 dry 
rnt ha-t yr~ t . It was assumed there would be a 28%reduction in yield for cottonwood species 
grown in northeastern Missouri. This reduction takes into account less intensive weed 
control and poorer soil conditions. Also, given that yields include all above ground woody 
biomass (stem and branches), a 10% reduction in yield was taken to account for branches 
(DeBell and Harrington, 1997; DeBell et al., 1997). Therefore, cottonwood yields would be 
estimated to reach a growth potential of 10.36 mt ha"t yr"" t in eight growing seasons. 
The herbaceous species chosen to constitute the grass portion of the buffer was 
switchgrass (Panicum virgatum L.). Burras et al. (2001) found average switchgrass yields of 
6 dry mt ha"t yr"~ . These yields were achieved by southern Iowa farmers growing switchgrass 
for biomass and therefore assumed to be representative of possible switchgrass growth rates 
in Missouri. 
Medium Density Fiberboard 
The first MDF plant was started in 1966 in Deposit, New York (Maloney, 1996; 
Spelter, 1996). From there MDF has grown into a worldwide industry. MDF is a "dry-
formed panel product manufactured from lignocellulosic fibers combined with a synthetic 
resin or other suitable binder" (Maloney, 1996). MDF is a composite product made up of 
woody and/or herbaceous fibers and synthetic resin binders. These two components are 
bonded together under heat and pressure which forms a "homogeneous board with consistent 
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properties in each direction" (Composite Panel Association, 1999}. MDF is composed of 
90% fiber, 10% resin, and 1/z to 3/4% additive waxes (D. Pierce, Personal communication, 
2003). 
Investigations by the Biocomposite Research Group at Iowa State University continue 
to add scientific and technical knowledge to the biocomposite panel industry. Specifically, 
this research group has studied composite panel products composed of woody biomass, 
herbaceous biomass in the form of switchgrass, and a combination of the two (Kuo, et al., 
1998). Research by Kuo et al. (1998) has shown that MDF can be made from differing 
amounts of cornstalks, switchgrass, and woody fibers bonded with synthetic resins and soy 
protein. The use of soy protein is aimed at developing wood adhesives that are produced 
from renewable resources. 
MDF has a smooth and uniform texture that allows for superior machining and 
finishing. Thus MDF has grown into the ideal core material for veneered or overlaid 
furniture (Wu and Vlosky, 2000). MDF is widely used in the production and manufacture of 
many products such as: furniture, cabinets, millwork, molding, door parts, floor 
underlayment and laminate floor coverings (Spelter, 1996; Wu and Vlosky, 2000). In fact a 
growing trend is occurring where moulding plants are being built adjacent to MDF plants to 
virtually eliminate shipping costs (D. Pierce, Personal communication, 2003). A survey of 
U. S . furniture and cabinet manufacturers by Wu and Vlosky (2000) found that industry 
respondents were most often drawn to utilize MDF based on it economical costs. However, 
it was also found that the main reason for not utilizing MDF was based on consumer 
objections. Given that MDF is part of a consumer driven market (Donlin, 2001) additional 
research into the attitudes of the consumer sector could be highly valuable to the marketing 
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MDF and associated composite industry players. Perhaps the "green" nature of MDF 
produced from riparian forest buffers will cause a more favorable consumer acceptance. 
The main bottomland tree species that would constitute fiber for MDF in the 
watershed are silver maple, cottonwood, sycamore, and green ash. The combination of these 
low to medium density species could produce alight-colored fiberboard product with 
appropriate refining technology (D.D. Stokke, Personal communication, 2003). According to 
MDF industry expert, David Pierce (Personal communication, 2003) the lighter the color the 
MDF, the higher dollar value it garners in today's market. This value is substantially higher. 
In 2002 the price for delivered low quality, dark-colored MDF ranged from $330-340 msf 1
whereas high quality, light-colored MDF ranged $430-440 msf l (D. Pierce, Personal 
communication, 2003). Therefore, there is a distinct advantage for having a high quality, 
light-colored product. Light-colored MDF is more valuable because it can utilize a thinner 
surface veneer. Dark-colored MDF requires a thicker veneer and therefore incurs an 
additional cost to minimize core visibility (D. Stokke, Personal communication, 2003). 
MDF production experienced high growth throughout much of the nineties and into 
the new millennium (Spelter, 1996). However, a downward trend since the latter part of 
2001 has slowed the growth of MDF in the United States. In 2002 North America and 
Europe's MDF capacity grew by 2.4% or at a "normal" rate; while the rest of the world grew 
at a rate of 19% (Wadsworth, 2002). Given that MDF growth has slowed in relation to the 
previous decade, a creative marketing plan is needed to launch a new plant into the industry 
marketplace. Howe and Bratkovich (1995) have laid out five steps to guide the development 
of a marketing plan and strategy: 
1. Analyze marketing opportunities 
~o 
2. Evaluate existing markets 
3. Design marketing strategies 
4. Plan marketing programs 
5. Organize, implement, and control marketing effort 
These steps can help steer a company towards utilization of the correct marketing 
approach. The marketing approach or marketing mix focuses on product attributes, pricing 
strategies, promotional approaches, and distribution locales (Howe and Bratkovich, 1995). It 
is also important to develop a sense of product positioning and product identity (Howe and 
Bratkovich, 1995). In order to capture the full potential of the consumer market, industries 
must first correctly position .and identify their goods and services. MDF from the Mark 
Twain Lake area would need to be correctly positioned to take full advantage of its consumer 
market. This may involve a creative marketing strategy that focuses on the renewable 
resources and local landowners behind the final product and detail the ability of buffers to 
jointly produce desired societal conservation benefits and private benefits of fiber. It also 
important to make sure the MDF plant is the correct size to effectively compete in the greater 
composite market. Currently to become an effective market player a MDF plant needs to be 
capable of producing 130,000 msf of MDF on a 3/4" basis annually (Pierce, 2003). 
Riparian Forest Buffers 
The USDA Forest Service (Welsch, 1991) defines a riparian forest buffer as: "An 
area of trees and other vegetation located in areas adjoining and upgradient from surface 
water bodies and designed to intercept surface runoff, wastewater, subsurface flow and 
deeper groundwater flows from upland sources for the purpose of removing or buffering the 
effects of associated nutrients, sediment, organic matter, pesticides or other pollutants prior 
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to entry into surface waters and groundwater recharge areas." The Executive Council for the 
Chesapeake Bay Program (Palone and Todd, 1997 p 1-4) has defined a riparian forest buffer 
as : "an area of trees, usually accompanied by shrubs and other vegetation, that is adjacent to 
a body of water and which is managed to maintain the integrity of stream channels and 
shorelines, to reduce the impact of upland sources of pollution by trapping, filtering and 
converting sediments, nutrients, and other chemicals, and to supply food, cover, and thermal 
protection to fish and other wildlife." Within the context of these definitions, one can 
understand that a riparian forest buffer plays an important role in the reduction of pollution, 
protection of surface and groundwater quality, and wildlife habitat. However, the benefits of 
riparian forest buffers do not stop with improvement of environmental quality, but can extend 
their reach into both the economic and social sectors. 
The most effective riparian forest buffer design consists of three different zones of 
vegetation that are parallel to the stream (Schultz et al., 1997). General requirements for a 
multi-species riparian buffer in the Midwest are as follows: zone one is closest to the stream 
and consists of at least 18.28 m wide strip of trees, zone two is a minimum 3.66 m wide strip 
of shrubs and zone three is a minimum 6.10 m wide strip of native, warm-season grasses 
(Schultz et al., 1997). Trees in zone one should be fast growing species suited for 
bottomland conditions such as silver maple, cottonwood, sycamore, and green ash. 
Bottomland species quickly develop a relatively deep root zone that helps to stabilize stream 
banks and prevent further erosion (Palone and Todd, 1997; Schultz et al., 2000). Zone two 
shrubs can be designed to suit the particular landowner goals. If wildlife habitat is a concern 
fruit bearing shrubs maybe desired along with shrubs for wildlife nesting. If wildlife is a 
low concern the zone can be devoted to tree or herbaceous species in zones one or three. 
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Often the native warm-season grass in zone three is switchgrass. Switchgrass is a perennial 
grass species that once dominated the tall-grass prairie and has been increasingly poplar due 
to its productivity in the hot summer months (Lewandowski et al., 2002). In a study of 
grassland birds of the Midwestern United States, it was shown that converting previously row 
cropped fields to switchgrass increased the abundance of bird species (Murray et al., 2003). 
Multi-species riparian forest buffers can help improve water quality (Lowrance et al., 
1985; Isenhart et aI, 1997; Schultz et al., 2000). One way in which buffers improve water 
quality is by reducing the amount of sediment that reaches open water through surface 
runoff. Buffers have many functions including, "trapping, filtering, and converting sediment 
and agricultural chemicals before they reach the stream, providing streambank and channel 
stability and habitat for both terrestrial and aquatic organisms. By slowing floodwaters they 
also can play a role in reducing downstream floods during storm events. Their ability to 
sequester large amounts of C (carbon) can play a role in global climate change" (Schultz et 
al., 2000, p 191). Palone and Todd (1997) found that a 30 m wide mature forest buffer could 
remove anywhere from 40 to 64% of incoming sediment (low level range) to 85 to 95% of 
incoming sediment (high level range). A North Carolina study found that a 4.27 m grass 
buffer decreased sediment by 68 to 71 %while an 8.53 m grass buffer decreased sediment 
deposition by 86 to 90% (Osmond et al., 2002). It has also been found that tall warm-season 
prairie grasses such as switchgrass have a longer sediment trapping life span than buffers 
containing shorter cool-season grasses (Dabney et al., 1994). 
Riparian buffers can also improve water quality by transforming, trapping, and 
storing chemicals that are part of NPS pollution. A study conducted by Tufekcioglu et al. 
(1999 p 1) found that root density was significantly greater under switchgrass ~ elds versus 
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corn or soybean fields and that "abundant fine roots, deep rooting profiles, and high soil 
respiration rates in multispecies riparian buffer zones suggest that these buffer systems added 
more organic matter to the soil profile, and therefore provided better conditions for nutrient 
sequestration." In a study conducted by Lee et al. (1999) nutrient and sediment removal by 
switchgrass and cool-season grass filter strips were compared. It was shown that switchgrass 
filter strips of three and six meters removed significantly more total-N, NO3-N, total P and 
PO4-P than cool season filter strips. Palone and Todd (1997) found that high levels of 
nitrogen could be decreased by 68 to 92% and 70 to 81 % with a 30 m wide mature forest 
buffer. Lowrance et al. (1995) found that a species combination of both grasses and trees 
produced the highest reduction levels in sediment, nitrogen, and phosphorus. 
Methods 
To define the current land use practices in the MTLW, the Center for Agricultural, 
Resource, and Environmental Systems (CARES) at the University of Missouri —Columbia 
provided a working data set including such geographical aspects as: watershed boundaries, 
land cover types, hydrologic mapping, and soil mapping units in a Geographical Information 
System (GIS) format. Six land cover types were identified as: built-up homestead, cropland, 
grass/pasture, grass waterway, forest/brush, and water. 
Arc View 3.0 (ERSI, 2003) was utilized to delineate watershed and buffer boundaries 
for the three sub-watersheds of Crooked, Otter, and Long Branch Creeks. These watersheds 
were chosen due to financial and time constraints that do not permit full scale mapping of the 
entire MTLW and were assumed to be representative of the larger watershed. Buffers were 
set at three intervals: 18.28 m, 36.6 m, and 54.9 m and extend out parallel on both sides of 
the waterway. A total of six different buffer scenarios were constructed and are aimed at 
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optimizing conservation and market-based benefits. As shown in Figure 3.1, the six 
scenarios can be broken down into two categories: conservation buffers and biomass buffers. 
With these two categories three separate buffer designs were created to optimize unique 
goals. In order to ensure an area reserved solely for conservation benefits, an 18.28 m 
reserve strip (no cut) was embedded in each of the conservation buffers. The reserve strip is 
a parallel zone 18.28 m out from the water source that is set aside from biomass harvesting. 
In order to ensure a flow of conservation benefits from the biomass buffer scenarios, no 
herbaceous material (switchgrass) will be harvested. The switchgrass width ranges from 3 to 
18 m. 
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Figure 3.1 Six riparian forest buffer scenarios in the MTLW categorized by primary focus of 
output. 
It was assumed that all land currently utilized for grass, pasture, or cropping purposes would 
convert to this riparian buffer and all existing land in built-up homesteads and grass 
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waterways would not be altered. Given these assumptions there would be a total of 699 
square kilometers in riparian forest buffers. 
The buffers were analyzed based upon two participation rates. Initially, it is assumed 
that all land eligible for riparian forest buffers (including native forest component and 
established buffer) would enter into buffer. This will be referred to as a 100% land 
participation rate. Next, it is assumed that only 10% of the total land eligible for riparian 
forest buffer will convert to buffers (Cant, 1991; Nowak and Schnepf, 1994). This will be 
referred to as 10% land participation. 
Table 3.1 gives a brief description of each of the six buffers based upon the riparian 
forest buffer components, yield, and potential harvest schedules. In accordance with the 
18.28 m native vegetation reserve strip in the conservation buffers, only 8 m of native forest 
are available for fiber harvesting. The native forest and hybrid cottonwood would be 
harvested on a periodic basis. Currently, the maximum mean annual increment for hybrid 
cottonwood is expected to occur in the eighth growing season. Group and individual tree 
selection are two possible harvesting practices. Switchgrass would be available for harvest 
after two years of growth. Harvest could occur on an annual basis, as listed, or on a longer 
rotation schedule. As always, harvest timing and practices would be ultimately based upon 
individual landowner goals. 
The next step was to estimate the financial viability of MDF plant in the MTLW. In 
order to better understand the industry and its inner workings, contact was made with a MDF 
expert, David Pierce (Personal communication, 2003). From personal conversations and 
email, a basic MDF plant cash flow chart was constructed on a thousand square foot basis. 
To account for recent price spikes in such products as natural gas and industrial chemicals, 
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the USDA Bureau of Labor Statistics Producer Price Index (2003) was reviewed to 
appropriately adjust inflation amounts. Finally, the United States Forest Service (USFS) 
economic analysis program, Quick-Silver (2000), a USFS forest investment analysis 
(Harpole, 1978), and Microsoft Exce1TM were utilized to evaluate the MDF plant's economic 
feasibility via a discounted cash flow analysis. Due to the complex nature of the methods 
section, Figure 3.2 diagrams the individual analysis steps. 
Assess MTLW land use (GIS) and RFB potential for joint production of 
conservation and biomass benefits 
1 
Analyze 3Sub-watersheds: Current land uses at three buffer widths 
native riparian forest, cropland and other uses 
I 
Analyze output scenarios joint production 




Secondary Biomass Fiber 
Determine Yield 
 J 




Compare biomass fiber yield against 
MDF plant requirement 
Evaluate economic feasibility of 
MDF via cash flow model 
Figure 3.2 Flow chart detailing the entire methods process for the MTLW research study of 
joint market and non-market benefit acquisition from riparian forest buffers. 
Results and Discussion 
Cash Flow Analysis. In order to have a successful MDF plant capable of cost 
competition within the MDF industry, it is necessary to have an annual output of 130,000 
~g 
msf on a 3/ a" basis (D. Pierce, Personal communication, 2003). The green field price for such 
a mill is $120 million (D. Pierce, Personal communication, 2003). Assuming a typical 
commercial loan, most lending agencies would require 20-30% equity, which is determined 
by the amount of perceived risk. This type of loan would then be financed at a current rate of 
7-7.4 % for a period up to 1 S years (S.T. Carter, Personal communication, 2003). 
The cash flow analysis was constructed on a ten-year basis with year zero occurring 
at 2003. Annual inflation was assumed to be 3% for all annual costs and revenues. 
Depreciation was assumed to decrease by 10%per year and the marginal acceptable rate of 
return (MARK) was set at 12%. Given that all costs and revenues occur over time, they were 
discounted back to time zero using standard present value formulae. 
Table 3.2 lists the fixed, variable, and overhead costs involved in the overall 
manufacturing process. Raw material cost (which includes a 2002 average delivered fiber 
price of $57.64 msf l of MDF manufactured) constitutes 44% of the total manufacturing cost 
(D. Pierce, Personal communication, 2003). One way to lower this cost and gain an edge on 
competition would be to lower the overall transportation cost of the biomass. This would be 
possible when concentrating biomass fiber flow from a limited area. 
One possible way to reduce transportation costs would be through the use of a locally 
based biomass cooperative. A biomass cooperative could contract biomass flow to a MDF 
plant. In this respect, the landowners could be ensured a market for their biomass and the 
plant could be better guaranteed a local and constant supply. There are current cooperatives 
in existence that help ameliorate some of the existing problems when dealing with short 
rotation forestry projects and also help to reduce the individual risk. One such 
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Table 3.2 Breakdown of MDF manufacturing costs. 














program has been set up by the Minnesota Agro-Forestry Cooperative. The Minnesota Agro- 
Forestry Cooperative is a group of landowners located in Alexandria, Minnesota that work to 
lobby for state sponsored agroforestry funding. Additionally they have sought to gain 
landowner acceptance of tree planting through the development of the Producer 
Capitalization Program (PCP). The PCP provides annual payments to the landowner that 
serve asadvanced payments on the future biomass crop that the trees produce (Schmidt et al., 
2000). 
Table 3.3 lists of the associated net present value (NPV) (at 12%MARK) for all 
associated costs and benefits of MDF manufacturing. Table 3.4 displays the NPV for high 
and low quality MDF. It also presents the values for annual equivalent value (AEV) and 
after tax earnings. High quality, light-colored MDF is capable of producing a NPV of 
$976.94 msf' whereas dark-colored MDF produces a NPV of $160.15 msf ~. The AEV for 
high and low quality MDF is respectively, $140.81 and $24.67. High and low qualities of 
MDF are both capable of producing a profit and cost the same amount to manufacture. 
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Table 3.3 NPV for all cost and benefits of MDF production on a msf basis for a ten year 
period. 
Cost or Benefit NPV ($) 
Operating Labor 235.32 
Maintenance labor 109.12 
Plant salaries 162.13 
Raw materials (wood, resin, wax) 1156.59 
Operational and maintenance supplies 295.84 
Utilities (electricity and natural gas) 355.82 
Contracted services 39.37 
Lease expense 3.02 
Other 150.45 
Depreciation 109.27 
Total Manufacturing Cost 2616.92 
Table 3.4 NPV, AEV, and after tax earnings for high and low quality MDF msf -'. 



















Table 3.5 shows the result of taxation on both a high quality and low quality MDF 
plant's earnings. A 38%tax rate was used to represent the 35% federal tax (United States 
Department of Treasury IRS, 2003) and 6.25% Missouri state corporate tax (Missouri 
Department of Revenue, 2003). As evidenced in Table 3.5, a plant producing high quality 
MDF can earn $506.41 msf' more in after-tax, net revenue than a low quality MDF plant. 
81 
Table 3.5 Comparison of taxation effects on high and low quality MDF msf -1 based on NPV. 
Low Quality MDF ($) High Quality MDF ($) 
Gross Revenue/rnsf 
Profit before tax/msf 
Tax liability/msf 
After tax profit/msf 
After tax earnings/ msf 
Total after tax earnings for 












Therefore, it would be reasonable to assume that if a company has the ability to produce a 
high quality, light-colored MDF product, it would be in their best interests to do so. There 
are also various tax credits that are available for companies utilizing renewable resources. 
The use of tax credits from the federal and state governments would be another way to 
increase earnings. 
If the breakeven landowner participation rate is not attained, biomass will have to be 
brought in from outside the watershed or other agricultural lands in the watershed will need 
to be converted to biomass (woody and/or herbaceous) production. Given that high quality, 
light-colored MDF carries with it a premium price tag, it is clearly advantageous to limit 
incoming biomass to species that can produce alight-colored MDF product. The species 
used thus far in this analysis have been light-colored bottomland trees. It is also possible to 
create alight-colored MDF product utilizing switchgrass or a combination of switchgrass and 
tree fiber (D.D. Stokke, Personal communication, 2003). Not choosing to limit incoming 
biomass species to those that can produce light-colored MDF can have many ramifications. 
Given that darker MDF receives a lower selling price, a company may try to offset this price 
difference by producing greater amounts of MDF. There are market and environmental 
effects that need to be quantified if this is done. 
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One necessary component of any successful endeavor is that of a creative marketing 
plan. In order to set itself apart from all other MDF plants in the nation, a ICE Missouri-
based plant would want to promote its locally derived roots and endorse its source of fiber 
from a production system that also delivers conservation benefits to society. A mill of this 
kind could help build its identity through the individual landowners that contribute to its 
overall success. It would be valuable to market the MDF as a product that has Midwestern 
roots and how biomass included in the product was part of a larger conservation program. 
MTLW Area. The entire Mark Twain Lake watershed has a total of 797 square 
kilometers that could be devoted to riparian forest buffers (assuming a 100% land 
participation rate). However, this number was -reduced to 699 square kilometers due to the 
presence of 98 square km of homesteads and grass waterways that would remain unaltered. 
It was also assumed that land currently classified in forest and brush would not be altered. 
Given all of these conditions, a total of 323.62 square km (5% of total land area in the 
MTLW) would be converted from grass/pasture (100.97 square km) and cropland (222.65 
square km) to riparian forest buffers. 
Biomass Yield Data. The yield data was compared with the required amount of 
biomass fiber for a MDF plant capable of producing 130,000 msf of 3/4" MDF annually. This 
size plant would require 183,977 to 212,281 dry metric tons (86,666 to 100,000 bone dry 
units) of fiber annually and could afford to pay $3 8 dry mt" ~ of woody biomass. On average 
half of the cost ($19 dry mt 1) would be paid to the farmer and the remainder of the cost ($19 
dry mt-')would cover harvesting and shipping expenses (Kumar et al., 2003). For simplicity 
sake, it is assumed that required fiber demand would average 197,766 dry mt annually. In 
order to determine how much biomass the MTLW could supply two different comparisons 
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were made; in the first comparison it was assumed a combination of woody and herbaceous 
biomass would be utilized and in the second comparison only woody biomass would be 
utilized. Figure 3.3 diagrams the flow of the two different biomass types. Finally, the 
comparisons were based upon the two different participation rates of 10 and 100%. 
However, it is important to note that although herbaceous biomass can be used in the 
Biomass Source 
l 




(Native Vegetation Reserve) 
 r 
Biomass Buffers 
(No Herbaceous Reserve) 
Conservation Buffers 
(Native Vegetation Reserve) 
Figure 3.3 Source of woody and/or herbaceous biomass for biomass and conservation 
riparian forest buffers in the MTLW. 
production of MDF, it is at varying levels given the desired physical properties of the board 
(Kuo et al., 1998). 
It is important to look at biomass yield data from a farmer's financial perspective. 
The current mean cropland rental rate in Missouri is $187 ha"~ yr ~ ($76 ac"~ yr"~), whereas the 
current mean pasture rental rate is $59 ha 1 yr'1 ($24 ac ~ yr 1) (Plain and White, 2003). The 
annual equivalent value (AEV) of hybrid cottonwood assuming an eight year rotation length, 
10% discount rate, and an average woody harvest of 10.36 dry mt ha"~ yr"~ is $136 ha ~ yr"~ 
($55 ac 1 yr'~). Therefore, from an AEV standpoint, it is financially advantageous for a 
farmer to convert pasture land to woody riparian buffers with the goal of selling woody 
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biomass. Given an average rental price of $187 ha" ~ yr 1 for cropland, a farmer would have to 
receive an additional $ 51 ha" 1 yr i on top of the current woody biomass AEV of $13 6 ha" ~ yr l . 
Tables 3.6 and 3.7 show the percentage of biomass supplied by the various buffer 
scenarios. With 100% participation and the utilization of both woody and herbaceous fiber, 
all buffer scenarios supply the annual fiber demand. However, 100% participation is highly 
unlikely and therefore, the 10% participation rates are most likely more representative of the 
actual situation (Cant, 1991; Nowak and Schnepf, 1994). When woody and herbaceous 
fibers are combined, 11-19% of the annual plant demand can be supplied. When only woody 
biomass is considered, this figure drops to 7-18%. 
Table 3.6 Percent of required biomass supplied by buffer scenarios with 100% participation 
(expressed on a %basis). Required annual biomass fiber is 197,766 dry metric tons of fiber 
fora 130,000 msf medium density fiberboard plant on 3/4" basis. 
Woody (Base Scenario) Woody and Herbaceous 
Percent Supplied Percent Supplied 
Biomass Buffer #1 181 % 193% 
Biomass Buffer #2 140% 152% 
Biomass Buffer #3 79% 1 SO% 
Conserv. Buffer #1 135% 
Cons a rv. Buffer #2 74% 




Table 3.7 Percent of required biomass supplied by buffer scenarios with 10% participation 
(expressed on a %basis). Required annual biomass fiber is 197,766 dry metric tons of fiber 
fora 130,000 msf medium density fiberboard plant on a 3/4" basis. 
Woody (Base Scenario) Woody and Herbaceous 
Percent Supplied Percent Supplied 
Biomass Buffer # 1 18 % 19 
Biomass Buffer #2 14% 1 S% 
Biomass Buffer #3 8% 15% 
Cons a rv. Buffer # 1 13 % 17% 
Cons a rv. Buffer #2 7% 11 
Co ns a r-~. Buffer #3 7 % 14 
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In order to achieve a 100% biomass supply varying amounts of land participation are 
required depending upon the selected buffer scenario. Table 3.8 presents the various break-
even percentages for all six buffer scenarios and biomass supply types. On average 99.5% of 
all eligible land needs to be in production of woody fiber to meet the MDF plant's annual 
fiber requirement. If fiber supply is expanded to include woody and herbaceous materials, 
participation decreases to 67.5%. Biomass Buffer #3 and Conservation Buffers #2 and #3 do 
not have sufficient woody and herbaceous biomass capabilities to produce enough biomass to 
supply a MDF in the MTLW. 
Table 3.8 Percentage of land required to produce biomass in order to fully supply a plant 
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Existing and established riparian forest buffers in the MTLW can provide a flow of 
biomass for use in MDF. The extent of this biomass is dependent upon the amount of land 
actively involved in the production of biomass from buffers. It is also relies upon the 
individual goals of the participating landowners. In addition to biomass production, these 
riparian forest buffers can provide effective conservation benefits such as a reduction in NPS 
pollution and enhancement of environmental quality. 
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It was found that production of MDF could return a positive NPV that ranges from 
$160.18 for low quality MDF to $976.94 for high quality MDF. Color is the major 
separating factor of high and low quality MDF. High quality MDF exhibits a light surface 
color that can be easily and inexpensively covered with a thin surface veneer. Given that the 
MTLW produces only 10-20% of the proposed MDF plants annual biomass requirement, 
biomass would need to be garnered through sources outside the reach of the current and 
proposed buffers. This biomass could come from additional sources within the watershed or 
from nearby counties and/or states. Given the large difference in NPV, it would be beneficial 
to limit the incoming biomass to sources that produce a high quality, light-colored product. 
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CHAPTER 4. ADDITIONAL RESULTS 
Individual Landowner Affectation 
When developing any new project, it is important to look at the proposal from many 
different viewpoints. Thus far biomass availability has been looked at from the 
manufacturer's point of view. However, this leaves out a very important component in the 
process, the individual landowner. Through the use of plat books from Audrain, Monroe, 
and Shelby counties, estimates of land conversion due to buffer installations were calculated 
(Audrain County Missouri Plat Book, 1997; Shelby County Missouri Plat Book, 1997; 
Monroe County Missouri Plat Book, 1998). Calculations were conducted for all landowners 
with property adjacent to Crooked, Otter, and Long Branch Creeks. Therefore, if Landowner 
A has a 200 acre crop field adjacent to 0.23 miles of Long Branch Creek, the installation of a 
180' wide buffer on both sides of the creek would convert 5.1 % of his total land area from 
crop field to a riparian buffer. However, it is important to keep in mind that most areas 0-180 
ft away from water sources already contain 50% forestland. 
On average 12.26% of land is affected when converting land from an alternate use to 
a 180 ft wide riparian forest buffer. Otter Creek shows the largest variation in individual 
landowner affectation with a range of 0.6 to 61.3% land conversion. These estimates are 
based on the proportion of land area when compared to adjacent stream length. Therefore, a 
higher stream sinuosity would lead to an increased percentage of land affected. Also 
important to note is that these percentages are only based upon f elds in contact with 
waterways. Many landowners may also own other fields not adjacent to waterways. 
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Therefore, based upon total land holdings the percentage of land converted due to buffer 
establishment would diminish. 
Table 4.1 Percent of individual land conversion from current use to a 180' wide riparian 
forest buffer. 
Creek Minimum % Mean % Maximum 
Crooked 0.8 11.3 34.1 
Otter 1.5 12.7 34.9 
Long Branch 0.6 12.8 61.3 
One additional possibility is that a 180 ft wide buffer may not be the best option given 
each individual landowners goals. A reduction in the width of buffer correlates to a 
reduction in land conversion. 
Financial And Economic Accounting 
This section discusses the accounting practices behind the cash flow model presented 
in the previous chapters. The MDF plant size was set at 130,000 msf on a 3/ 4"  basis. From 
here on out, every reference to the 130,000 msf plant should be assumed to be on a 3/ 4"  basis. 
The average size MDF plant in the current market is 200,000 msf on a 3/ 4"  basis (Pierce, 
2003). However, a production capacity of 130,000 msf enables the manufacturer to be cost 
competitive within the larger market. The green field price for such a mill is $120 million 
(D. Pierce, Personal communication, 2003). This figure includes all costs relevant to the 
construction of a fully operational MDF plant assuming a vacant lot site. Also included 
within this figure is the cost of environmental permitting and all needed equipment. 
Assuming a typical commercial loan, most lending agencies would require 20-30% 
equity. The specific rate is determined by the amount of perceived risk for the project. This 
type of loan would then be financed at a current rate of 7-7.4 % for a period up to 15 years 
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(S.T. Carter, Personal communication, 2003). Given this information, it is assumed that an 
initial equity investment of 24 to 36 million would be available for this type of loan. 
The cash flow analysis was constructed on a ten-year basis with year zero occurring 
at 2003. Annual inflation was assumed to be 3% for all costs and revenues. All costs and 
revenues occur on an annual basis with the costs or revenues accruing at the end of each year. 
Depreciation was assumed to decrease by 10% per year and the marginal acceptable rate of 
return (MARK) was set at 12%. Given that all costs and revenues occur over time, they were 
discounted back to time zero by the present value of a single sum formula. 
Where Vo =present value, V„ =future value, i =discount rate, and n = number of years. 
The Producer Price Index (United States Department of Labor, 2003) was used to 
look at the trends for the associated manufacturing costs. It was noted that natural gas (part 
of the utility cost) and resin (part of the raw materials cost) had recent upward price 
volatility. However, given that this was a recent occurrence and the overall trend was more 
stable, a uniform rate inflation rate of 3%was utilized for all costs. 
Biomass And Short Rotation Woody Crop Research 
Biomass is a term that can be used to refer to many different materials. A few of the 
more common materials are that of dedicated energy crops, short rotation woody crops 
(SRWC), agricultural residues, and forest residues. Biomass research has continued to grow 
as more and more concern is expressed over the environment and the use of fossil fuels. 
Much of this growth can be attributed to the significant environmental benefits associated 
with biomass feedstocks (Hohenstein and Wright, 1994; Graham et al., 1995). Biomass 
crops and residues are often attained from perennial crops that do not contribute greenhouse 
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gases to the atmosphere during their lifecycle (Graham et al., 1995). Many of these plants 
can also play an important role in soil stabilization and reduction of NPS pollution. A 
growing demand for wood fiber has also played a role in the expansion of SRWC (Alig et al., 
2000). In the current times of diminishing individual small farms, there is the possibility that 
implementation of fiber or biomass farming on agricultural land could enhance the 
sustainability of agricultural practices (Alig et al., 2000). 
A study by Graham (1994) identified potential areas in the United States that could 
serve as land base for biomass crops. The largest land base is located in the north central 
region of the United States. In the north central region 67.5 million hectares of land are 
capable of producing herbaceous energy crops with yields of 11.2 dry Mg "' ha"~ yr'or more 
(Graham, 1994). Currently most of the potential land base is utilized for agricultural 
practices, however, with increased biomass yields and a projected decline in the need for 
agricultural land needs (Graham, 1994) energy crops have the potential to become a viable 
and financially stable alternative to some of today's current agricultural crops. 
One important aspect to the ultimate success of the biomass industry lies with the end 
user (Kroll and Downing, 1995). In order for suppliers to financially exist, there needs to be 
an outlet for their biomass crop. One way to commit to the sale of biomass crops is through 
general letters of intent to buy, however, forward contracting through the buyer is an even 
better alternative (Kroll and Downing, 1995). Minnesota landowner recruitment for a short 
rotation woody biomass project was achieved in a few public meetings with much of the 
success attributed to forward contracting and lower perceptions of individual risk (Kroll and 
Downing, 1995). In order for the outlet to be financially stable, there must be a viable 
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market for the biomass product. One such market could be the previously discussed MDF 
plant. 
Research has often focused on biomass for energy and biofuels. Biomass often 
competes head to head with fossil fuels such as coal. Coal is a monetarily cheaper energy 
source when compared to biomass. This is due in part to the scale of coal mining in relation 
to the current growth of biomass (Hohenstein and Wright, 1994). One way to offset this 
difference is through the use of an established carbon tax on fossil fuels (Hohenstein and 
Wright, 1994). This would be one method of attempting to recoup the environmental costs 
associated with coal extraction and firing. Yet another way to offset this price difference 
would be increase annual yields through higher productivity or growth of biomass on a larger 
scale. A reduction in the average transportation distance can also be a means to reduce 
biomass production costs (Turnhollow, 2000). An additional way to improve the financial 
yield of biomass is through advances in the processing and conversion processes. Through 
research and development, the price gap between fossil fuels and biomass can be narrowed. 
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CHAPTER 5. CONCLUSIONS 
Buffers have the potential to be more acceptable to farmers if they can j ointly produce 
annual market (financial) as well as non-market conservation benef ts. The production and 
harvest of woody and herbaceous fiber from riparian forest buffers is one option. Adoption 
rates for tree planting practices in conjunction with the CRP are estimated to be 10% (Cant, 
1991; Nowak and Schnepf, 1994). With 10% of all eligible land in participation in the 
MTLW, approximately 10-20% of the annual fiber requirements for 130,000 msf MDF plant 
can be met through the harvest of woody and/or herbaceous biomass. Therefore, additional 
inputs of biomass would be required from outside of the initial buffers. 
The MDF that could be produced from the woody and herbaceous species from the 
proposed riparian areas (silver maple, cottonwood, sycamore, green ash and switchgrass) will 
yield alight-colored fiberboard product. The MDF industry receives a higher dollar value 
for MDF manufactured from light-colored fiber. In 2002, the price for delivered low quality, 
dark-colored MDF ranged from $330-340 msf "1 whereas high quality, light-colored MDF 
ranged $430-440 msf 1 (D. Pierce, Personal communication, 2003). Therefore, there is a 
distinct advantage for having a high quality, light-colored product. Light-colored MDF is 
more valuable because it can utilize a thinner surface veneer to minimize core show though 
(D.D. Stokke, Personal communication, 2003). Therefore, it is necessary to utilize light-
colored tree species in the manufacturing process in order to maximize profit and 
manufacturing processes that minimize darkening of fiber. 
It was found that production of MDF could return a positive NPV that ranges from 
$160.18 msf j for low quality MDF to $976.94 msf 1 for high quality MDF. With a combined 
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state and federal tax of 3 8%, the after-tax earnings for high and low quality MDF are 
respectively $647.22 msf 1 and $140.81 msf 1. Color is one of the major determining factors 
of high and low quality MDF. Assuming that the MTLW produces only 10-20% of the 
proposed MDF plant's annual biomass requirement, biomass would need to be garnered 
through sources outside the reach of the current and proposed buffers. This biomass could 
come from additional sources within the watershed or from nearby counties and/or states. 
However, given the large difference in NPv, it would be beneficial to limit the incoming 
biomass to only sources that produce a high quality, light-colored final product. 
It is possible to simultaneously achieve conservation and market-based benefits in a 
riparian buffer system in the MTLW. For every site there is a balance that needs to be 
recognized when designing, managing, and harvesting from a buffer for multiple benefits. 
An increase in the amount of woody or herbaceous fiber harvested from riparian forest 
buffers leads to a decrease in the amount conservation benefits that society can accrue. In 
areas where biomass yield is relatively low, the trade-off of additional fiber for a decrease in 
conservation benefits may not be acceptable. Decisions on buffer designs and harvesting are 
dependent upon the land (erosive capacity), vegetation, and adjacent land use practices. 
Ultimately, land use decisions and the scope of desired outcomes (market and/or non-market) 
rest with the individual landowner. 
In a world where environmental awareness and conservation are becoming 
increasingly important, riparian forest buffers can provide amulti-faceted approach to 
ecological, social, and economic sustainability. The Mark Twain Lake watershed is not 
unlike many other agricultural dominated watersheds throughout the Midwest. A medium 
density fiberboard plant represents one outlet for market-based benefits of riparian forest 
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buffers. Other financial outlets may come in the way of mills capable of utilizing small 
diameter trees, specialty woods and products grown in agroforestry settings and the use of 
fiber for other composite products such as high density fiberboard. In closing, it is my hope 
that this research can provide a sound foundation for others to build upon and help to 
increase awareness and participation in conservation practices. 
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APPENDIX A 
MAPS OF THE THREE SUB-WATERSHEDS 
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INDNIDUAL LANDOWNER AFFECTATION 
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156 0.27 2 2.5 5.1 7.6 
237 0.46 2 2.8 5.7 8.5 
130 0.52 2 5.8 11.6 17.5 
132 0.18 2 1.9 3.9 5.8 
80 0.48 2 8.7 17.5 26.2 
135 0.56 2 6.0 12.1 18.1 
262 0.33 2 1.8 3.6 5.5 
186 0.42 2 3.3 6.6 9.9 
80 0.30 2 5.5 11.1 16.6 
286 0.44 2 2.2 4.5 6.7 
115 0.21 2 2.6 5.3 7.9 
200 0.23 2 1.7 3.4 5.1 
123 0.48 2 5.7 11.4 17.0 
145 0.50 2 5.0 10.0 14.9 
194 0.71 2 5.3 10.7 16.0 
237 0.25 2 1.5 3.0 4.6 
40 0.18 2 6.4 12.8 19.2 
125 0.34 2 4.0 8.0 12.0 
220 0.46 2 3.1 6.1 9.2 
420 0.08 2 0.3 0.6 0.8 
232 0.25 2 1.6 3.1 4.7 
110 0.37 2 4.9 9.7 14.6 
75 0.29 2 5.6 11.2 16.8 
10 0.06 2 8.1 16.3 24.4 
40 0.27 2 9.9 19.8 29.7 
'' 8 1 0.29 2 5.2 10.3 15.5 
227 0.59 2 3.8 7.6 11.4 
80 0.19 2 3.5 7.0 10.5 
160 0.19 2 1.7 3.5 5.2 
265 0.5 8 2 3.2 6.3 9.5 
169 0.19 2 1.7 3.3 5.0 















25 0.06 2 3.3 6.5 9.8 
289 1.00 2 5.0 10.1 15.1 
80 0.19 2 3.5 7.0 10.5 
70 0.10 2 2.0 4.0 6.0 
17 0.04 2 3.4 6.8 10.3 
172 0.37 2 3.1 6.2 9.3 
156 0.56 2 5.2 10.4 15.7 
59 0.06 2 1.4 2.8 4.1 
15 3 0.04 2 0.4 0.8 1.1 
120 0.25 2 3.0 6.0 9.0 
153 0.19 2 1.8 3.7 5.5 
348 0.27 2 1.1 2.3 3.4 
40 0.27 2 9.9 19.8 29.7 
248 0.29 2 1.7 3.4 5.1 
125 0.42 2 4.8 9.7 14.5 
100 0.25 2 3.6 7.2 10.8 
299 0.14 2 0.7 1.3 2.0 
79 0.25 2 4.6 9.1 13.7 
228 0.50 1 1.6 3.2 4.7 
98 0.18 2 2.6 5.2 7.8 
172 0.21 1 0.9 1.8 2.6 
86 0.34 2 5.8 11.6 17.5 
216 0.59 2 4.0 8.0 12.0 
145 0.11 2 1.1 2.2 3.4 
67 0.40 2 8.7 17.4 26.1 
398 0.46 2 1.7 3.4 5.1 
223 0.88 2 5.7 11.5 17.2 
148 0.14 2 1.3 2.7 4.0 
140 0.21 2 2.2 4.3 6.5 
284 0.33 2 1.7 3.4 5.0 
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7 S 0.04 2 0.8 1. b 2.3 
218 0.23 2 l.S 3.1 4.6 
339 O.S6 2 2.4 4.8 7.2 
80 0.30 2 S.S 11.1 16.6 
49 0.69 2 20.4 40.8 61.3 
320 0.37 2 1.7 3.3 S.0 
7S 0.63 2 12.3 24.5 36.8 
239 0.29 2 1.8 3.S S.3 
76 0.23 2 4.4 8.9 13.3 
139 0.40 2 4.2 8.4 12.6 ~''~
447 1.06 2 3.4 6.9 10.3 
1 S8 0.06 2 O.S 1.0 l .S 
36 0.29 2 11.6 23.3 34.9 
38 0.08 ~ 2 3.1 6.1 9.2 
68 0.12 2 2.4 4.8 7.2 
229 0.69 2 4.4 8.7 13.1 
179 0.19 2 1.6 3.1 4.7 
118 1.00 2 12.3 24.7 37.0 
40 O.SO 2 18.0 36.1 54.1 
424 0.66 2 2.3 4.S 6.8 
160 0.25 2 2.3 4.S 6.8 
239 O.S9 2 3.6 7.2 10.8 
170 0.82 2 7.1 14.1 21.2 
43 7 0.06 2 0.2 0.4 0.6 
140 0.18 2 1.8 3.7 S.S 
20 0.10 2 7.0 14.0 20.9 
40 0.21 2 7.6 1 S .1 22.7 
317 0.30 2 1.4 2.8 4.2 
617 0.37 2 0.9 1.7 2.6 
1S9 O.S6 2 S.l 10.2 15.4 
160 0.46 2 4.2 8.4 12.7 
20S 0.34 2 2.4 4.9 7.3 















148 0.29 2 2.8 5.7 8.5 
40 0.14 2 4.9 9.9 14.8 
222 0.29 2 1.9 3.8 5.7 
98 0.25 1 1.8 3.7 5.5 
120 0.27 1 1.6 3.3 4.9 
142 0.52 1 2.7 5.3 8.0 
173 0.27 2 2.3 4.6 6.9 
100 0.23 2 3.4 6.7 10.1 
160 0.18 2 1.6 3.2 4.8 
150 0.34 2 3.3 6.7 10.0 
156 0.59 2 5.5 11.0 16.6 
67 0.21 2 4.5 9.0 13.5 
93 0.27 2 4.3 8.5 12.8 
160 0.25 2 2.3 4.5 6.8 
110 0.37 2 4.9 9.7 14.6 
158 0.33 2 3.0 6.0 9.1 
235 0.30 2 1.9 3.8 5.6 
66 0.18 2 3.9 7.8 11.6 
14 0.11 2 11.6 23.3 34.9 
240 0.3 7 2 2.2 4.5 6.7 
80 0.14 2 2.5 4.9 7.4 1
240 0.46 2 2.8 5.6 8.4 
238 0.27 2 1.7 3.3 5.0 
200 0.25 2 1.8 3.6 5.4 
120 0.23 2 2.8 5.6 8.4 
125 0.19 2 2.2 4.5 6.7 
460 0.75 2 2.4 4.8 7.1 
197 0.66 2 4.8 9.7 14.5 
152 0.30 2 2.9 5.8 8.7 
160 0.42 2 3.9 7.7 11.6 
160 0.21 2 1.9 3.8 5.7 
330 0.78 2 3.5 6.9 10.4 















80 0.34 2 6.3 12.5 18.8 
319 1.02 2 4.6 9.3 13.9 
305 0.48 2 2.3 4.6 6.9 
80 0.48 2 8.7 17.5 26.2 
100 0.27 2 4.0 7.9 11.9 
94 0.69 2 10.6 21.3 31.9 
140 0.19 2 2.0 4.0 6.0 
371 1.15 1 2.3 4.5 6.8 
82 0.52 1 4.6 9.2 13.8 
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38 0.15 2 5.8 11.6 17.5 
162 0.48 2 4.3 8.6 12.9 
165 0.40 2 3.5 7.1 10.6 
158 0.06 2 0.5 1.0 1.5 
154 0.52 2 4.9 9.8 14.7 
159 0.46 2 4.2 8.5 12.7 
359 0.56 2 2.3 4.5 6.8 
220 . 0.56 2 3.7 7.4 1 1.1 
320 0.67 2 3.1 6.1 9.2 
118 0.25 2 3.1 6.1 9.2 
142 0.21 2 2.1 4.3 6.4 
80 0.21 2 3.8 7.6 11.3 
49 0.25 2 9.0 18.0 27.1 
119 0.30 2 3.7 7.4 11.1 
78 0.46 2 8.7 17.3 26.0 
174 0.66 2 5.5 11.0 16.5 
324 0.58 2 2.6 5.2 7.8 
18 0.11 2 9.1 18.1 27.2 
165 0.15 2 1.3 2.7 4.0 
119 0.54 2 6.6 13.1 19.7 
159 0.34 2 3.1 6.3 9.4 
76 0.40 2 7.7 15.3 23.0 
60 0.37 2 8.9 17.8 26.8 
179 0.19 2 1.6 3.1 4.7 
120 0.33 2 4.0 8.0 11.9 
40 0.29 2 10.5 20.9 31.4 
368 0.14 2 0.5 1.1 1.6 
23 8 0.42 2 2.3 5.2 7.8 
139 0.23 2 2.4 4.9 7.3 
260 0.48 2 2.7 5.4 8.1 
40 0.23 2 8.4 16.9 25.3 
443 0.66 2 2.2 4.3 6.5 
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Table. (continued) 













119 0.50 2 6.1 12.1 18.2 
221 0.58 2 3.8 7.6 11.4 
199 0.34 2 2.5 5.0 7.5 
90 0.14 2 2.2 4.4 6.6 
26 0.21 2 11.6 23.3 34.9 
100 0.30 2 4.4 8.8 13.3 
67 0.15 2 3.3 6.6 9.9 
79 0.15 2 2.5 4.9 7.4 
51 0.19 2 5.5 11.0 16.4 
102 0.18 2 2.5 5.0 7.5 
180 0.27 2 2.2 4.4 6.6 
40 0.25 1 4.5 9.0 13.5 
288 0.34 1 0.9 1.7 2.6 
40 0.14 1 2.5 4.9 7.4 
80 0.19 2 3.5 7.0 10.5 
40 0.18 2 6.4 12.8 19.2 
238 0.46 2 2.8 5.7 8.5 
63 0.15 2 3.5 7.0 10.5 
48 0.21 2 6.3 12.6 18.9 
26 0.18 2 9.8 19.7 29.5 
312 0.78 2 3.7 7.3 11.0 
3 8 0.23 2 8.9 17.8 26.6 
155 0.22 2 2.1 4.2 6.3 
88 0.23 2 3.8 7.7 11.5 
85 0.23 2 4.1 7.9 11.9 
160 0.19 2 1.7 3.5 5.2 
80 0.19 2 3.5 7.0 10.5 
65 0.18 2 3.9 7.9 11.8 
122 0.29 2 6.4 6.9 10.3 
66 0.23 2 5.1 10.2 15.3 
121 0.40 2 4.8 9.6 14.4 
95 0.56 1.5 6.4 12.9 19.3 
152 0.46 1 2.2 4.4 6.7 
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Table. (continued) 














67 0.46 1 5.0 
_ 
10.1 15.1 ',
124 0.5 2 2 6.1 12.2 18.3 
3 89 0.73 2 2.7 5.4 8.2 ~!~
59 0.25 2 6.1 12.2 18.3 ~,
54 0.04 2 1.1 2.2 3.2 
303 0.44 2 2.1 4.2 6.3 
228 0.34 2 2.2 4.4 6.6 
79 0.10 2 1.8 3.5 5.3 
20 0.14 2 9.9 19.8 29.7 
91 0.33 1 2.6 5.2 7.9 
80 0.14 2 2.5 4.9 7.4 
40 0.1$ 2 6.4 12.8 19.2 
36 0.27 1 5.5 11.0 16.5 
107 0.27 1 1.8 3.7 5.5 
23 0.33 1 10.4 40.7 31.1 
120 0.33 1 2.0 4.0 6.0 
320 0.48 2 2.2 4.4 6.5 
160 0.34 2 3.1 6.3 9.4 
106 0.46 1 3.2 6.4 9.6 
129 0.46 1 2.6 5.2 7.8 
80 0.29 2 5.2 10.5 15.7 
339 0.14 2 0.6 1.2 1.8 
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